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REPORT  OF  COUNCIL  AND  FINANCIAL  STATEMENT 

FOR  THE  YEAR  1920 

In  presenting  its  Annual  Report  for  the  year  ending 
December  31st,  1920,  the  Council  is  gratified  to  record  a  sub- 
stantial increase  in  the  membership  of  the  Institute  during 
the  twelve  months.  To  this  is  attributable  the  increase  in 
revenue  that  has  permitted  the  meeting  of  all  expenses  for  the 
year  despite  the  increase  in  the  cost  of  publication  and  in  the 
expenses  of  administration.  The  activities  of  the  Institute 
were  handicapped  by  the  unavoidable  delay  in  appointing 
a  permanent  secretary-treasurer,  but  this  appointment  has 
now  been  made,  and  as  a  consequence,  the  Institute  can  look 
forward  to  greatly  increased  activities  during  the  coming  year. 

Engineering  Legislation 

At  the  close  of  1919,  the  question  of  legislation  for  engin- 
eers was  being  considered  by  the  various  branches  of  the 
Institute  and  early  in  the  present  year  the  majority  of  the 
branches  forwarded  their  reports  to  Council.  The  Council 
referred  the  matter  to  the  Committee  on  Engineering  Legis- 
lation, which  committee  held  several  meetings  to  decide  on 
the  action  to  be  taken  when  the  various  bills  were  presented 
before  the  provincial  legislatures.  As  a  result  of  the  Com- 
mittee's recommendations,  the  policy  adopted  by  the  Council 
was  to  eliminate  from  such  legislation  anything  that  would 
restrict  the  introduction  of  outside  capital  for  the  develop- 
ment of  Canadian  mineral  resources.  In  carrymg  out  this 
policy,  the  embodying  of  such  restrictions  in  the  various  pro- 
vincial bills  was  actively  opposed,  and  in  the  majority  of 
the  provinces  where  engineering  legislation  was  placed  on 
the  statute  books,  it  may  be  said  that  there  will  be  no  restric- 
tions on  outside  engineers  concerned  with  the  introduction 
of  British  and  foreign  capital. 

Resignation  of  Technical  Officers  from  the  Department 
OF  Mines,  Ottawa 

Early  in  the  year,  the  number  of  technical  officers  resigning 
from  the  Department  of  Mines  reached  such  proportions  that 
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the  harmful  effect  of  these  resignations  on  the  mining  industry 
of  Canada  was  brought  to  the  attention  of  the  Council.  In 
consequence,  the  co-operation  of  all  the  large  mining  compa- 
nies, members  of  the  Senate,  and  members  of  Parliament 
was  requested  in  an  endeavour  to  impress  upon  the  Govern- 
ment the  seriousness  of  the  situation.  A  strong  letter  of 
protest  was  sent  to  the  Minister  of  Mines,  calling  attention 
to  the  apparent  causes  of  the  resignations  and  pointing  out 
the  injury  that  would  result  to  the  mining  industry  if  the 
best  men  were  allowed  to  leave  the  Department.  It  was 
suggested  that  the  remedy  would  be  a  re-classification  of 
members  of  the  Geological  Survey  and  Mines  Branch  to  per- 
mit their  obtaining  salaries  more  in  keeping  with  their  training 
and  the  importance  of  their  work.  A  copy  of  this  letter  was 
transmitted  also  to  the  Prime  Minister. 

Royalties  on  Minerals  Produced  on 
Dominion  Lands 

This  question  was  again  brought  before  the  Institute  at 
the  Second  Annual  Western  Meeting  held  at  Winnipeg  in 
October,  and  a  resolution  was  adopted  urging  the  Federal 
Government  to  so  amend  the  Dominion  Quartz  Mining  Reg- 
ulations as  to  state  specifically  the  royalties  to  be  charged  on 
the  different  minerals  produced  and  urging  particularly  that 
the  time  during  which  copper  shall  be  exempt  from  such 
royalty  should  be  extended  for  a  further  period  of  ten  years 
from  January  1st,  1921.  As  such  an  exemption  would  un- 
doubtedly have  an  important  bearing  on  the  development 
of  the  industry  in  Northern  Manitoba,  Council  is  glad  to 
report  that  this  resolution  has  been  favourably  received  by 
the  government  and  that  the  desired  extension  has  been 
granted. 

Committee  on  Petroleum  and  Natural  Gas  from 
Dominion  Lands 

During  the  year  the  Council  appointed  a  Committee  to 
collect  data  and  make  recommendations  to  Council  regarding 
the  royalties  on  petroleum  and  natural  gas  produced  on 
Dominion  lands.  This  committee  has  begun  work,  but  no  formal 
report  on  their  findings  has  as  yet  been  submitted. 
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Nickel  Coinage. 

The  adoption  of  nickel  coinage  for  the  tokens  of  smaller 
denomination  was  urged  upon  the  Government  after  the 
Annual  Meeting  in  Toronto  at  which  the  matter  received  the 
serious  consideration  of  the  Institute.  This  was  at  a  time 
considered  most  opportune  on  account  of  the  high  price  of 
silver.  In  spite  of  the  efforts  of  the  Institute,  and  of  many 
individuals,  the  attitude  of  the  Government  towards  the 
introduction  of  nickel  coinage  has  so  far  remained  unchanged. 

Royal  School  of  Mines  Frecheville  Research 
Fellowships. 

During  the  summer  the  Council  was  in  communication 
with  the  Committee  of  the  Royal  School  of  Mines  Frecheville 
Research  Fellowships  regarding  the  co-operation  of  the  Insti- 
tute in  the  collecting  and  forwarding  from  Canada  of  any 
applications  for  these  fellowships.  This  co-operation  was  very 
willingly  offered  to  the  Committee.  The  Council  then  ap- 
pointed an  advisory  committee  to  bring  these  Fellowships 
to  the  notice  of  suitable  candidates,  to  deal  with  any  applica- 
tions received,  and  to  advise  Council  as  to  those  that  should 
be  forwarded  to  the  Committee  in  London.  No  applications 
were  received  before  the  closing  date  for  1920,  but  it  is  ex- 
pected that  with  more  time  at  its  disposal  during  1921,  the 
advisory  committee  will  be  in  a  position  to  report  to  Council 
in  time  to  have  Canadian  applicants  considered  when  the 
next  Fellowships  are  allotted. 

Mine  Rescue-Apparatus 

The  desirability  of  employing  a  standard  form  of  mine 
rescue-apparatus  throughout  Canada  has  been  brought  to  the 
attention  of  Council,  and  a  committee  has  been  appointed 
by  the  President  to  study  this  question  and  report  to  Council 
regarding  the  introduction  and  employment  of  a  standard 
type  of  apparatus  in  the  mines  of  the  various  provinces. 

Resignation  of  H.  Mortimer-Lamb  from  the  Secretary- 
Treasureship  of  the  Institute. 

Owing  to  continued  ill  health,  Mr.  H.  Mortimer- 
Lamb,  who  had  been  granted  six  months'  sick-leave  from  the 
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end  of  November  1919,  was  forced  to  forward  his  resignation 
to  Council  early  in  the  year,  and  it  was  felt  that  the  Council 
had  no  choice  but  to  accede  to  Mr.  Mortimer-Lamb's  request. 
It  was  with  feelings  of  regret  and  with  a  full  appreciation 
of  Mr.  Mortimer-Lamb's  fifteen  years'  devoted  service  to 
the  Institute  that  Council  accepted  his  resignation  on  the 
expiry  of  his  leave  of  absence  on  May  31st,  1920.  In  re- 
cognition of  his  valuable  services  to  the  Institute  and  to  the 
mining  industry  during  his  term  of  office,  the  Council  had 
much  pleasure  in  appointing  Mr.  Mortimer-Lamb  Secretary 
Emeritus  of  the  Institute.  He  is  also  at  present  acting  as 
editor  of  the  Annual  Transactions  for  1920. 

Appointment  of  Mr.  G.  C.  Mackenzie  as  Secretary- 
Treasurer  OF  THE  Institute. 

During  the  summer  the  question  of  engaging  a  permanent 
Secretary-Treasurer  occupied  the  attention  of  Council.  A 
Committee  of  Council  was  appointed  in  May  to  deal  with  the 
matter.  Applications  were  called  for,  and,  as  a  result,  seven 
were  received;  the  Council  then  selected  two  names  to  be 
submitted  for  decision  by  letter  ballot.  Unfortunately,  by 
the  time  the  election  was  concluded  (August),  the  candidate 
elected  was  not  in  a  position  to  accept  the  appointment  and 
the  matter  had  to  be  reconsidered  by  Council.  The  Com- 
:mittee  was  then  authorized  to  select  one  name  for  final  ap- 
proval by  the  members  of  the  Councjl.  As  a  result,  in  De- 
cember, the  Committee  selected  Mr.  G.  C.  Mackenzie,  and 
this  selection  has  been  approved  by  Council.  Mr.  Mackenzie, 
who  is  well-known  to  the  majority  of  our  members,  comes 
well  equipped  for  the  position  of  Secretary-Treasurer,  and 
will  assume  his  new  duties  at  the  beginning  of  January,  1921. 

Students'  Papers. 

During  the  year.  Council  re-established  the  granting  of 
prizes  for  students'  papers.  Students'  competitions  have  been 
in  abeyance  since  1914;  but  it  is  hoped  that  the  preparation 
of  papers  by  student  members  of  the  Institute  will  scon  be- 
come the  popular  feature  that  it  was  before  the  war. 
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Change  of  Name  of  the  Institute. 

The  use  of  the  new  name,  "Canadian  Institute  of  Mining 
and  Metallurgy"  was  authorized  by  act  of  Parliament  dated 
May  11,   1920. 

Affiliation  of  the  Mining   and  metallurgical  Club 
of  the  University  of  Toronto. 

The  afifiliation  of  this  students'  society  with  the  Institute 
was  authorized  by  Council  of  February  17,  1920.  This  stu- 
dents' society  is  a  most  flourishing  one  and  has  a  present 
membership  of  seventy. 

Meetings. 

The  Twenty-Second  Annual  General  Meeting  was  held  in 
Toronto  on  March  8th,  9th,  and  10th,  the  attendance  being 
well  over  two  hundred.  Many  excellent  papers  were  presented, 
that  on  the  mining  and  smelting  operations  of  the  International 
Nickel  Company  of  Canada  at  Creighton  and  Copper  Cliff 
being  an  especially  valuable  contribution.  Excursions  took 
place  to  the  plant  of  the  Goodyear  Tire  and  Rubber  Company 
at  New  Toronto,  and  to  the  refinery  of  the  International 
Nickel  Company  of  Canada  at  Port  Colborne.  The  guests 
of  honour  at  the  Annual  Dinner  included  His  Honour,  the  Lieu- 
tenant-Governor of  Ontario;  the  Hon.  H.  Mills,  Minister 
of  Mines  for  Ontario;  Mr.  Bradley  Stoughton,  Secretary  of 
the  American  Institute  of  Mining  and  Metallurgical  Engineers; 
Dr.  H.  M.  Payne,  of  the  American  Mining  Congress;  Mr. 
Eraser  S.  Keith,  Secretary  of  the  Engineering  Institute  of 
Canada;  Mr.  C.  Marriott,  President  of  the  Toronto  Board  of 
Trade;  and  Mr.  R.  D.  Hall,  Editor  of  Coal  Age. 

The  Second  Annual  Western  Meeting  was  held  in  Win- 
nipeg on  October  25th,  26th  and  27th,  and  was  most  success- 
ful in  every  way.  The  papers  were  mainly  on  Western  coal 
problems  and  the  mineral  resources  of  Manitoba.  The 
lengthy  discussions  following  the  reading  of  these  papers  are 
indicative  of  the  keen  interest  with  which  they  were  received. 
The  holding  of  the  meeting  in  Winnipeg  will  undoubtedly 
be  of  mutual  advantage  to  the  mining  industry  of  Manitoba 
and  to   the   Institute.    There  was  an  excellent  attendance 
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of  members  from  Alberta  and  Manitoba  and  several  from 
British  Columbia  and  the  East. 

The  Twenty-Eighth  Annual  Meeting  of  the  Mining  Society 
of  Nova  Scotia  was  held  in  Glace  Bay  on  May  4th  and  5th. 
This  was  one  of  the  most  successful  meetings  ever  held  by 
the  Mining  Society  and  many  of  the  papers  were  of  con- 
spicuous merit. 

Numerous  successful  Branch  meetings  were  held  during 
the  year  by  the  various  Branches. 

Branches 

It  is  gratifying  to  record  the  organization  of  the  Thetford 
District  Branch.  This  took  place  in  December  and  the  pros- 
pects for  the  success  of  the  Branch  are  most  promising. 

Publications. 

Twelve  numbers  of  the  Monthly  Bulletin  have  been 
published,  and  Volume  XXIII  of  the  Annual  Transactions 
is  at  present  in  the  printers'  hands.  It  should  be  ready 
for  distribution  in  March,  1921.  The  warmest  thanks 
are  due  to  all  who  contributed  to  the  Bulletin  and  to  the 
Transactions,  the  special  contributors  to  the  former  includ- 
ing Hon.  Robert  Dnmimond,  Mr.  T.  C.  Denis,  Mr.  W.  R. 
Rogers,  Professor  J.  S.  DeLury,  Mr.  C.  Camsell  and  Mr. 
A.  J.  C.  Nettell,  as  well  as  Mr.  R.A.  Elliott,  Mr.  R.  H.  Hut- 
chison, Mr.  J.  A.  Richards,  Mr.  H.  M.  Roscoe  and  other 
Branch  secretaries.  It  is  also  a  pleasure  to  acknowledge  the 
continued  contribution  of  the  Metal  Market  Review  by  the 
Engineering   and    Mining   Journal, of   New    York. 

Library 

No  books  other  than  the  usual  annual  publications  have 
been  bought  by  the  Library.  A  set  of  the  Transactions 
comprising  those  volumes  still  in  print  was  presented  to  the 
Library  of  the  University  of  Alberta  at  Edmonton. 

Membership. 

It  is  particularly  gratifying  to  report  a  large  number  of 
accessions  to  the  membership  roll  of  the  Institute.    This  is 
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attributable  to  the  activity  of  the  Branches  and  to  many  of 
the  members,  particularly  Dr.  E.  T.  Hodge,  Mr.  E.  E.  Camp- 
bell, Professor  J.  M.  Turnbull,  Mr.  W.  A.  Preston,  Mr.  E.  J. 
Conway,  Professor  J.  S.  DeLury  and  Mr.  W.  J.  Woolsey. 
The  accessions  are  classified  as  follows: 

Ex-officio  members 12 

Members 134* 

Associate  members 65* 

Student  members 23* 

Affiliated  student  members 116 

Life  members 3 

353 

The  losses  by  death,  resignations,  etc.,  were  as  follows: 

Deaths 13 

Resignations,  etc 75 


The  loss  by  death  of  the  following  members  is  recorded 
with  deep  regret: — 

D.  A.  Bell,  F.  F.  Bennett,  G.  W.  Bissett,  W.  E.'H.  Carter, 
John  Casey,  Peter  Christianson,  J.  C.  Gwillim,  Wm.  Lancaster, 
G.  G.  S.  Lindsey,  J.  S.  Mitchell,  Bernard  More,  H.  E.  Peters, 
and  F.  H.  Whitton. 

The  following  resignations  were  accepted  by  Council 
during  the  year: — 

Thos.  Arnold,  H.  C.  Beresford,  E.  E.  Billington,  A.  J. 
Bone,  I.  C.  Callander,  K.  A.  Clark,  A.  L.  Dickerman,  L.  J. 
Duthie  (resigned  as  student,  elected  member),  Theo  Dwight, 
L.  B.  Fames,  H.  J.  Fuller,  L.  H.  Goodwin,  C.  Henderson, 
V.  G.  Hills,  James  Johnston,  Joseph  Lane,  C.  A.  Meissner, 
F.  C.  Merry,  F.  S.  Meighen,  W.  St.  J.  Miller,  R.  A.  McKinnon, 
Richard  Rallison,  C.  F.  Rand,  H.  J.  Roast,  D.  W.  Robb, 
General  J.  G.  Ross,  R.  T.  Shillington,  F.  de  Sieyes,  Harold 
A.  Speirs,  A.  Gordon  Spencer,  and  J.  F.  C.  B.Vance  (re-elected). 


*Twenty-nine  members,  nineteen  associate  members  and  two  student 
members  elected  in  December  were  given  the  privilege  of  accepting  election 
from  Jan.  1st,  1921. 


3C.  31st. 

Dec.  31st. 

1919 

1920 

210 

268 

2 

2 

14 

14 

7 

6 

49 

50 

16 

19 

1007 

1087 

12 

34 

14 

116 
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In  addition  to  the  above  resignations,  fifteen  members  of 
the  Mining  Society  of  Nova  Scotia  and  fourteen  affiUated 
student  members  did  not  renew  their  membership;  also  three 
members  became  life  members,  ten  ex-oificio  members  became 
members  and  one  member  became  an  ex-officio  member. 

The  following  table  gives  a  comparison  of  the  membership 
for  the  years  1919  and  1920:  D( 

Associate  members 

Patrons 

Corresponding  members 

Honorary  members 

Ex-officio  members 

Life  members 

Members 

Student  members 

Affiliated  student  members 

1331  1596 

O.  E.  S.  Whiteside,  President. 
R.  R.  Rose,  Acting  Secretary. 

.    Treasurer's  Report. 

The  current  revenue  has  been  sufficient  to  meet  all  ex- 
penses and  give  a  small  surplus  for  the  year.  The  receipts 
and  disbursements  during  the  year  ending  December  31st. 
1920,  were  as  follows: 

Receipts. 

Cash  in  Bank  Jan.  1st,  1920 $  2,447.72 

Subscriptions:      Annual $10,265.19 

Students 185.00 

Arrears 1,295.00 

Advance 316.00 

Life 300.00 

12,361.19 

Publication:         Sales 520.80 

Advertisements 1,502.89 

Binding 254.50 

Index 40.00 

2,318.19 
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Revenue  from  Investments 838.50 

Bank  Interest,  etc. .  250.10          .  „„„  „„ 

Dominion  Government  Grant 3,000.00 

$  21,215.70 
Disbursements. 

Publication,  Printing  and  Distributing  $5,793.93 

Editors'  Salaries. . .  .  2,300.00      $  8,093,93 

Miscellaneous :  Rents,  Rates  and  Taxes  1 ,  13 1 .05 

Telegrams  and  Telephones.  272.71 
Office  Salaries...     5,019.00 
Less:    Paid  in  advance. .  .1,500.00 

3,519.00 


Postage 425.08 

Printing  and  Stationery.. .  .  279.17 

Express 40.49 

Travelling  Expenses  525.29 
Councillors  173.80 

699.09 


Annual  Meeting. .  .    468.13 
"Western  377.30 

845.43 

Grant  to  C.E.S.A 100.00 

Buttons .75 

Change  of  Name  (Legal)    .         717.31 

General  Expense 258.09 

Donations  for  Western 

Branch 200.00 

Less:  Expense 95.55 


104.45  8,392.62 


Permanent:  War  Memorial  Tablet. .  .  36.87 

Library 62.83  99.70 

Cash  in  Bank  Dec.  31st,  1920. ........  4,629.45 


$21,215.70 


Audited  &  Verified.  R.  R.  Rose,  Acting  Secretary, 

(Signed)   P.  S.   Ross   &  Sons,         for   Treasurer. 
Chartered  Accountants. 
Montreal,  January  8,  1921. 


THE  INSTITUTE  AND  ITS  FUNCTIONS 

By  O.  E.  S.  Whiteside  1 
In  1898  when  the  Canadian  Mining  Institute  came  into 
being  it  is  quite  certain  that  its  founders  would  have  scoffed 
at  the  idea  of  Manitoba  ever  being  a  field  in  which  it  might  ex- 
ercise its  functions  to  useful  effect.  Indeed,  it  is  only  within 
the  last  few  years  that  any  of  us  have  regarded  this  province 
as  anything  more  than  the  great  wheat-growing  area  of  the 
Dominion — the  region  whose  wheat  has  made  Canada  famous 
the  world  over.  But,  as  if  to  prove  her  impartiality,  and  to 
insure  that  every  province  of  our  country  shall  be  possessed  of 
mineral  wealth,  however  richly  endowed  it  may  be  with  other 
natural  resources.  Nature  has  established  within  your  borders 
an  area  of  pre-Cambrian  rocks  which  already  have  been  proved 
to  contain  mineral  deposits  of  great  actual  and  potential  value. 
Hence  you  have  now  in  Manitoba  the  beginning  of  what  we 
trust  will  become  an  important  and  flourishing  mining  in- 
dustry, and  your  faith  in  the  future  of  that  industry  has  justified 
you  in  founding  here  a  Branch  of  the  Canadian  Institute  of 
Mining  &  Metallurgy,  which,  thanks  to  the  energy  and  zeal 
of  its  officers  and  members,  has  become  one  of  the  most  active 
of  all  the  local  organizations  of  our  Institute. 

The  aims  and  objects,  the  functions,  and  the  past  record 
and  traditions  of  the  Institute  are  doubtless  now  as  fully 
realized  and  appreciated  here  as  in  those  provinces  in  which 
mining  has  been  the  premier  industry  for  many  years  past. 
I  may  therefore  be  permitted  to  take  advantage  of  this  first 
general  meeting  of  the  Institute  in  the  province  of  Manitoba 
to  address  you  briefly  on  the  possible  extension  of  our  scope 
of  usefulness. 

What  are  our  aims  and  objects  and  functions  ?  In  a  word, 
'Service' — Service  through  co-operation.  And  I  do  not  hesitate 
to  say  that  apart  altogether  from  the  practical  ends  we  attain 
and  the  material  good  we  accomplish,  the  Institute,  in  common 
with  other  associations  of  a  like  nature,  exerts  a  far  reaching 
and  eminently  benificient  influence  in  the  community  in  gen- 
eral by  reason  of  the  spirit  by  which  it  is  animated — by  which 

1  Presidential  address  delivered  at  the  Western  General  Meetings 
Winnipeg,  October  1920. 

(10) 
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it  moves  and  has  its  being;  a  spirit  that  is  essentially  altruistic 
and  fraternalistic.  With  most  of  our  members  it  is  not  a 
question  "What  can  the  Institute  do  for  me,  but  what  can  I 
do  for  the  Institute."  That  at  any  rate  has  been  the  spirit  that 
has  animated  us  during  the  past,  and  I  trust  that  it  will  con- 
tinue to  do  so  in  the  future.  We  have  had  in  mind  not  so  much 
the  good  of  the  individual  member,  as  the  good  of  all  the  mem- 
bers  and   the   industry   we   represent. 

To  insist  nowadays  on  the  value  of  co-operation  would 
surely  seem  superfluous.  The  power  of  it,  and  the  value  and 
importance  of  it,  was  emphasized  especially  in  the  Great  War; 
and  was  indeed  the  great  lesson  of  the  war.  But  though  our 
Institute  exemplifies  the  co-operative  spirit,  and  could  not 
exist  but  for  the  fact  that  this  spirit  animates  its  member- 
ship, yet  when  it  comes  to  everyday  business  or  commercial 
relationship,  I  am  inclined  to  question  whether  the  majority 
of  our  members  put  into  practice  the  principle  of  co-opera- 
tion to  any  greater  degree  than  does  any  other  class  of  the 
community.  Although  I  should  be  the  last  todecrythestimulating 
effect  of  competition  in  any  relation  of  life,  I  am  firmly  of  the 
opinion  that  there  are  limits  to  which  competition  should  be 
allowed  to  go;  for  when  it  exceeds  those  limits  it  ceases  to  be 
salutory  and  becomes  harmful.  It  becomes  harmful  when, 
in  a  word,  it  makes  of  a  man  a  less  desirable,  a  less  useful  citi- 
zen, or  of  a  community  a  less  worthy  unit  of  the  State.  Is 
it  too  much  to  say  that  if  in  the  past  less  of  the  spirit  of  com- 
petition between  individuals,  of  rivalry  between  provinces, 
and  cities,  and  communities,  had  been  in  evidence,  and  if  in- 
stead of  sectionalism  everywhere  we  had  had  displayed  more 
of  the  communal  spirit,  the  desire  to  co-operate,  more  toler- 
ance, a  greater  disposition  to  'boost'  for  others  as  well  as  for 
ourselves  and  our  own  backyard,  Canada,  today  would  be  in  a 
stronger  and  better  position  than  she  is  ?  To  my  mind,  then, 
the  chief  functions  of  a  national  organization  such  as  ours,  re- 
presenting as  it  does  one  of  the  great  basic  industries  of  the 
country,  is  to  teach  both  by  example  and  precept  the  value  of 
co-operation.  We  should  begin,  of  course,  in  our  own  or- 
ganization, following  along  the  lines  already  established  and 
steadily  extending  and  amplifying  in  those  directions.  We 
have  now,  for  example,  branches  or  divisions  in  all  the  pro- 
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vinces  of  the  Dominion  in  which  mining  is  carried  on.  The 
establishment  of  these  branches  has  done  much  to  increase 
the  usefulness  of  the  Institute  to  the  members  locally,  but  as 
yet  it  has  not  contributed  very  notably  towards  the  greater 
consolidation  of  the  Institute.  We  should  aim  to  make  the 
branches  serve  the  dual  purpose  by  encouraging  them  to  co- 
operate among  themselves.  This  would  be  entirely  prac- 
ticable in  a  number  of  ways.  There  could  be  not  only  a  fre- 
quent interchange  of  papers  on  professional  subjects  of  com- 
mon interest  but  also  an  interchange  of  ideas  on  matters  af- 
fecting the  general  welfare  of  the  Institute,  or  of  the  profes- 
sion, or  of  the  industry,  and  so  far  as  possible  joint  action 
should  be  taken  to  achieve  a  given  purpose.  The  Institute, 
moreover,  should  persistently  offer  its  services  to  the  Gov- 
ernment. This  we  have  not  failed  to  do  in  the  past,  but  our 
opportunities  now,  in  consequence  of  our  gain  in  nimibers  and 
status,  are  greater  in  this  respect  than  ever  before.  It  will 
perhaps  interest  you  to  learn  that  at  least  one  Provincial  Min- 
ister of  Mines  has  undertaken  to  submit  all  contemplated 
legislation  affecting  mining  to  the  Provincial  Division  of  the 
Institute  in  his  province  for  comment  and  criticism  in  advance 
of  its  introduction  in  the  local  legislature.  Although  naturally 
the  Minister  is  not  bound  to  accept  the  views  that  may  be  pre- 
sented to  him  by  the  Institute,  the  arrangement  referred  to 
will  at  least  bring  him  into  closer  touch  with  the  men  best 
qualified  to  pass  judgment  on  legislation  affecting  the  mining 
industry;  and  it  is  safe  to  assert  that  any  opinion  or  advice 
that  is  offered  will  be  sincere  and  disinterested.  If  co-opera- 
tion on  similar  lines  between  the  Departments  of  Mines  in 
Canada  (Provincial  and  Federal)  and  the  Institute  can  be 
brought  into  effect,  it  will  undoubtedly  enable  us  to  extend  our 
scope  of  usefulness  to  a  very  marked  degree. 

But  there  are  boundless  other  opportunities  for  useful 
and  effective  co-operation  on  our  part.  The  Institute  repre- 
sents both  the  industry  of  mining  and  the  profession  of  mining. 
We  are  therefore  in  a  position  to  establish  relations  for  joint 
service  with  organizations  of  two  distinct  types,  namely  those 
primarily  concerning  themselves  with  matters  of  trade  and 
commerce,  and  those  whose  objects  are  essentially  the  pro- 
motion of  technical  and  engineering  knowledge.    In  the  past 
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we  have  been  too  inclined  to  allow  Boards  of  Trade  to  speak 
for  the  mining  industry  on  trade  matters;  and  also  we  have 
displayed  scant  disposition  to  interest  ourselves  in  the  ac- 
tivities of  sister  societies  representing  other  branches  of  en- 
gineering. These  tendencies  to  stand  aloof  should  be  over- 
come. It  should  be  the  duty  of  the  branches  in  each  province 
to  educate  public  opinion  concerning  conditions  affecting  min- 
ing, and  to  seek  the  co-operation  of,  as  well  as  to  co-operate  with, 
such  bodies  as  the  Boards  of  Trade,  the  Canadian  Manufac- 
turers Association,  and  Mine  Operators'  Associations,  in  voic- 
ing the  requirements  of  the  industry  from  the  trade  or  com- 
mercial viewpoint.  In  like  manner,  the  establishment  of 
more  friendly  relations  with  sister  engineering  institutions  is 
greatly  to  be  desired;  and  in  the  West  especially  it  is  conceiv- 
able that  much  benefit  would  result  from  joint  meetings  in 
such  cities  as  Winnipeg,  Edmonton,  Calgary  and  Vancouver 
of  the  different  engineering  bodies.  Engineers  of  all  branches 
have  much  in  common.  The  mining  engineer  of  to-day  must 
necessarily  know  something  of  practically  every  branch  of 
engineering.  It  would  therefore  be  possible  to  arrange  a 
programme  of  papers  at  joint  meetings  that  would  appeal 
to  all.  Discussion  on  rock-work  would  be  of  interest  alike  to 
the  railway,  the  municipal,  and  the  mining  engineer;  elec- 
tricity and  mechanics  would  likewise  afford  a  common  meet- 
ing-ground. And  above  all,  such  meetings  would  serve  to 
promote  good  fellowship  among  the  engineering  fraternity. 

A  second  important  function  of  the  Institute,  capable 
of  expansion,  is  educative.  Our  charter  states  that  one  of 
our  aims  is  the  dissemination  of  information.  No  one  will 
assert,  I  believe,  that  we  have  failed  to  carry  out  this  part  of 
our  work  well.  We  have  reason  to  be  proud -of  our  publica- 
tions. Our  Bulletin  is  in  a  class  by  itself,  and  a  monument 
to  the  untiring  zeal  and  ability  of  our  late  secretary,  Mr.  H. 
Mortimer-Lamb.  But  still  I  think  we  can  even  go  a  step  fur- 
ther in  our  educational  work.  Heretofore  we  have  been  con- 
tent to  publish  information  for  the  benefit  of  our  members 
only.  This  information  for  the  most  part  has  been  of  a  high- 
ly technical  character,  and  as  such  has  been  undoubtedly 
valuable.  But  outside  of  our  membership  there  is  a  class,  a 
very  big  class  indeed,  sadly  in  need  of  education  in  respect 
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of  the  mining  industry  and  its  importance  to  the  community. 
That  class  is  the  Canadian  pubhc  as  a  whole.  Because  of  this 
general  ignorance  we  are  failing  to  realize  the  greatness  of  our 
own  heritage;  and  we  are  allowing  it  to  pass  out  of  our  hands 
into  the  control  of  others.  The  biggest  and  best  mines  in 
Canada  are  not  owned  by  Canadians.  It  is  almost  hopeless 
to  attempt  to  raise  capital  in  Canada  for  home  mining-ven- 
tures, however  worthy.  Why?  Because  the  Canadian  pub- 
lic has  been  led  to  believe  that  mining  is  a  gamble,  a  gamble  in 
which  the  chances  of  a  satisfactory  issue  are  infinitely  re- 
mote. The  majority  indeed  are  unable  to  realize  that  to  in- 
vest money  in  the  development  of  a  promising  prospect  is 
an  entirely  different  thing  from  speculating  on  margin  or 
otherwise  in  mining  stocks.  It  is  the  commonest  thing 
in  the  world  to  hear  the  remark,  from  otherwise  quite  sane 
men  of  business,  "Oh,  I've  no  use  for  mining.  I  got  badly 
bitten  once,  and  once  bitten  twice  shy."  And  if  you  ask 
for  particulars,  you  will  presently  learn  that  this  now  discreet 
and  sage  person  once  plunged  and  lost  heavily  during  the 
Rossland  'boom'  in  some  'wildcat'  or  prospect  without  even 
enquiring  concerning  its  antecedents.  Rickard,  with  his 
distinguished  talent  for  accurate  definition,  has  told  us  that 
"capital  sunk  in  mining  must  be  regarded  as  a  speculation 
rather  than  as  an  investment;  but  approached  with  due  pru- 
dence and  precaution  there  is  no  form  of  speculation  that 
offers  more  prizes  or  yields  richer  returns."  Obviously,  I 
refer  to  legitimate  mining  enterprise  and  not  to  the  stock 
market.  While  we  frankly  welcome  and  sorely  need  more 
foreign  capital  to  help  us  in  developing  our  natural  resources, 
it  is  nevertheless  in  the  interests  not  only  of  the  individual, 
not  only  of  the  community,  but  also  of  the  nation  that  Can- 
adian mining  should  be  undertaken  by  Canadians,  and  that 
the  title  of  Canadian  mineral  resources  should  be  retained  as 
far  as  possible  by  Canadians.  Hence  the  urgent  need  of  edu- 
cation, of  propaganda  along  these  lines.  The  task  is  not  an 
easy  one,  but  that  should  not  deter  us  from  undertaking  it. 
Time  does  not  on  this  occasion  permit  me  to  detail  a  plan 
of  campaign  for  the  carrying  on  of  this  important  work,  but 
I  may  be  allowed  to  suggest  one  or  two  preliminary  means  of 
attack.  The  first  of  these  might  well  take  the  form  of  a  series 
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of  public  lectures,  under  Institute  auspices,  in  all  the  prin- 
cipal commercial  centres  of  the  country,  followed  by  a  wide 
distribution  of  literature  of  an  educative  character  dealing  with 
the  question.  We  could  doubtless  enlist  the  public  press  of 
the  country  as  our  allies  in  this  endeavour,  to  give  publicity  to 
material  supplied  by  the  Institute  that  would  be  directed  to- 
wards impressing  the  public  with  the  fact  that  mining  is  a 
business  in  which  we  may  engage  with  a  reasonable  certitude 
of  profit  by  exercising  ordinary  common  sense  and  foresight, 
and  by  acting  under  competent  technical  guidance  and  advice. 
That  would  be  our  appeal  to  the  individual  and  his  self-in- 
terests. But  we  should  go  beyond  this  and  show  that  to  sell 
our  birth-right  for  a  mess  of  pottage  is  not  good  business  either 
from  the  national  or  any  other  standpoint;  and  we  should  risk 
being  trite  by  indicating  that  if  it  profits  foreign  capital  to 
develop  Canadian  mines,  it  would  no  less  profit  Canadian 
capital.  Then  thinking  of  the  morrow,  we  should  also  aim 
to  educate  the  rising  generation  in  the  national  importance 
of  a  Canadian-controlled  mining  industry;  thus,  in  most  of 
the  provinces  in  which  mining  is  a  major  industry,  the  edu- 
cational authorities  would  no  doubt  raise  no  objection  to 
addresses  on  this  theme  to  school  children  by  members  of  the 
Institute  who  could  be  deputed  to  undertake  this  duty.  Also 
it  should  not  be  impossible  to  provide  for  the  introduction  of 
simple  text-books  in  the  schools  treating  of  the  natural  re- 
sources and  basic  industries  of  Canada,  in  which  of  course 
due  attention  would  be  given  to  the  subject  of  mines  and 
mining.  Work  of  this  sort,  in  short,  could  most  fittingly  be 
undertaken  by  the  Institute. 

In  conclusion,  may  I  be  permitted  to  dwell  briefly  on  the 
past  record  and  achievement  of  the  Institute  and  the  service 
it  has  rendered  to  the  profession  and  industry  of  mining  in 
this  country,  and  to  the  country  itself.  It  is  true  that  this 
service  has  been  criticised.  We  have  been  told  that  we  might 
have  done  more.  But  such  criticism,  in  the  minds  of  many, 
is  unfair.  Yet  the  Institute's  activities  must  not  be  allowed 
to  lag.  We  must  continue  to  justify  our  existence;  and  if 
we  mean  even  to  maintain  the  position  we  have  won,  to  equal 
the  record  of  past  service  well  done,  it  is  imperative  that  we 
should  develop  new  fields  of  usefulness.    At  the  same  time  the 
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established  activities,  so  ably  initiated  and  performed  in  the 
past,  will  continue  to  occupy  our  attention.  Of  new  work, 
apart  from  that  I  have  just  outlined,  certain  suggestions 
were  made  at  the  Annual  Meeting  in  Toronto  last  March. 
These  suggestions  were  that  we  might  undertake  to  do  in 
Canada  what  is  done  by  the  American  Mining  Congress  in  the 
United  States.  In  a  measure  we  have  already  done  some 
work  along  these  lines  to  good  effect,  that  is  to  say,  in  the 
matter  of  influencing  legislation,  and  it  should  not  be  for- 
gotten that  the  establishment  of  the  Dominion  Department 
of  Mines  was  due  almost  entirely  to  the  Institute's  persistent 
efforts.  This  only  serves  to  prove  the  wisdom  of  further 
strengthening  our  organization  so  as  to  enable  us  to  do  more 
and  more  of  that  class  of  work. 

The  opportunities  for  expansion  along  the  lines  sug- 
gested seem  almost  without  limit.  Have  we  the  ability  and 
initiative  necessary  to  make  it  a  success?  Is  it  a  good  and 
proper  work  to  undertake  ?  As  a  society  we  can  only  advance 
or  recede.  There  is  no  standing  still.  Let  all  then,  indi- 
vidually and  collectively,  be  up  and  doing.  If  our  Institute 
is  worth  maintaining  at  all,  if  it  means  anything  to  us,  it  is 
surely  the  duty  as  well  as  the  privilege  of  every  member  to  do 
his  utmost  to  contribute  to  its  success.  Fault  finding  may  of 
course  help  in  that  direction,  but  I  am  inclined  to  think  that 
there  are  other  and  more  effectual  ways  of  rendering  assistance. 
The  Institute  may  commit  mistakes  in  policy.  These,  if  not 
too  flagrant,  may  be  condoned.  Inaction  on  our  part,  or  an 
attitude  of  mere  complacency,  of  content,  with  the  position  and 
the  reputation  we  have  won,  with  no  desire  to  improve  it, 
would  be  fatal  and  uncondonable.  There  is  little  likelihood 
of  the  Institute  making  that  grave  error. 


SOME  ADDITIONAL  REMARKS  i 

Annual  General  Meeting,  Montreal,  March,  1921. 

In  my  address  at  the  Western  General  Meeting  in  Winni- 
peg, last  autumn,  I  discussed  the  possible  extension  of  the 
work  of  the  Institute  in  the  performance  of  what  may  perhaps 
be  conveniently  defined  as  social  service;  that  is  to  say,  the 

1  Presidential  address,  delivered  at  the  Annual  General  Meeting, 
Montreal  March  1921. 
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sort  of  service  that  is  designed  not  only  to  benefit  the  great 
industry  that  we  specially  represent,  but  through  it  the  com- 
munity as  a  whole.  Let  it  not  be  forgotten,  however,  that 
this  important  function  of  ours  has  not  been  disregarded  in 
the  past,  for  the  records  of  the  Institute  testify  that,  so  far  as 
our  capabilities  admitted,  we  have  actively  and  effectively 
interested  ourselves  in  public  matters  coming  within  our 
scope  as  a  national  mining  body.  That  we  should  now  seek 
to  extend  our  activities,  and  thereby  increase  our  usefulness 
in  this  direction  in  evidence  of  our  virility.  We  have,  at 
least,  the  satisfaction  of  knowing  that  the  structure  on  which 
we  may  continue  to  build  is  a  secure  and  firm  one. 

The  question  is,  'How  shall  we  build  ?'  It  seems  to  me 
that,  to  build  effectively,  it  is  imperative  that  we  continue 
strictly  to  maintain  our  representative  character  as  an  insti- 
tution. We  must  speak  and  act,  not  for  any  one  class,  not 
for  capital,  not  for  mine  operators,  not  even  for  those  who 
comprise  the  bulk  and  bulwark  of  our  membership,  the  mining 
profession,  but  we  must  speak  and  act  for  the  mining  industry 
as  a  whole,  and  in  our  policies  we  must  regard  the  mining 
industry  not  as  an  industry  demanding  or  requiring  special 
privileges  or  concessions,  but  in  its  relation  to  the  common- 
weal. What  we  ask  for  in  its  name  must  be  for  the  good  of 
Canada;  and  by  following  that  course,  at  once  disinterested 
and  patriotic,  shall  we  win  respect  and  ready  hearing,  and  set 
a  much  needed  example.  For  co-operation,  which  is  the 
secret  of  accomplishment  in  human  relationships,  is  only 
possible  when  selfish  interests  are  forgotten  or  thrust  aside 
in  subservience  to  the  common  aim. 

Bearing  this  always  in  mind  we  may  next  consider  certain 
practical  details  and  difficulties  in  connection  with  our  pro- 
gramme. We  have  in  Canada  several  countries  in  one;  not 
one  Government  to  deal  with  but  many.  The  settled  portion 
of  this  wide  Dominion  is  confined  within  a  comparatively 
narrow  belt  that  stretches  across  the  continent.  Even  in 
individual  provinces  considerable  distances  separate  mining 
camp  from  mining  camp;  and  even  in  the  same  province, 
interests  are  frequently  diverse  and  may  be  conflicting.  These 
are  some  of  the  factors  to  be  reckoned  with,  for  they  complicate 
our  problem.    Furthermore,  unlike  Great  Britain,  and  unlike 
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even  the  United  States,  we  have  at  present  no  opulent  class 
of  mining  engineers,  retired  or  semi-retired,  able  and  willing 
to  devote  their  leisure  to  altruistic  work  at  the  bidding  of  the 
technical  societies  with  which  they  are  associated.  We  must 
perforce  depend  upon  the  gratuitous  services  of  men  usually 
occupying  salaried  positions,  and  engaged  in  work  that  makes 
insistent  demand  on  their  time  and  attention.  That  the 
Institute  has  never  yet  appealed  in  vain  to  its  members  for 
service  is  a  matter  for  pride.  The  continued  loyalty  of  the 
members  of  the  Institute  and  their  esprit  de  corps  cannot  be 
questioned.  I  conceive,  however,  that  by  means  of  special 
organization  this  spirit  can  be  turned  to  even  greater  account 
than  in  the  past.  Our  headquarters  are  in  the  East;  but 
Montreal  is  a  thousand  miles  distant  from  the  great  mining 
centres  of  Nova  Scotia,  and  from  two  to  three  thousand  miles 
distant  from  the  Western  centres  of  mining  activity.  It  is 
more  conveniently  in  touch  with  Ottawa,  where  legislation 
affecting  mining  in  the  prairie  provinces  and  the  unorganized 
Northwest  Territories  is  enacted,  and  where,  under  the  auspi- 
ces of  the  Department  of  Mines,  work  in  the  interests  of  mining 
throughout  the  Dominion  is  initiated.  That  proximity  is  a 
decided  advantage.  But  geographical  conditions  impose  that 
our  headquarters,  no  matter  where  they  are,  must  necessarily 
be  at  a  great  distance  from  most  of  these  localities  in  Canada 
in  which  mining  is  conducted.  That  is  a  disadvantage.  Hav- 
ing regard  to  this  it  seems  clear  that  special  machinery  is 
needed,  or  special  provision  should  be  made  to  enable  the 
Institute  to  perform  adequately  its  functions  in  the  way  of 
social  service  in  those  parts  of  Canada  that  are  remote  from 
headquarters.  If,  as  is  considered  so  desirable  and  fitting, 
the  Institute  should  stand  in  relation  of  adviser  or  counsellor 
to  Government  on  all  matters  pertaining  to  mining,  it  seems 
almost  necessary  that  for  this  work  we  should  expand  our 
system  of  branch  organizations  to  comprehend  provincial 
divisions  to  which  specific  duties  might  be  delegated;  for  it  is 
manifestly  impracticable,  and  not  infrequently  it  would  be 
impolitic,  for  provincial  governments  to  be  approached  on 
strictly  provincial  issues  in  any  other  way  than  by  a  duly 
accredited  body  of  members  resident  in  that  province  to  the 
government  of  which  it  was  required  to  make  representations. 
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Safeguards  naturally  would  be  requisite  against  action  not 
according  with  the  general  principles  or  policies  of  the  Institute, 
but  such  restrictions  should  be  readily  definable.  Already 
in  the  case  of  British  Columbia,  and,  in  effect,  in  that  of  Nova 
Scotia,  we  have  precedent  for  the  establishment  of  provincial 
divisions  of  the  Institute.  Such  bodies  acting  in  co-operation 
and  in  concert  with  headquarters  are  capable,  I  believe,  of 
affording  a  measure  of  service  difficult  of  attainment  by  any 
other  means.  They  alone  could  establish  those  intimate 
relations  that  are  desired  with  their  own  provincial  govern- 
ments; the  relation  of  counsellor,  rather  than  that  of  critic, 
complainant,  or  suppliant.  In  holding  and  stimulating  locally 
the  interest  of  members  in  the  work  of  the  Institute  they 
would  prove  effective;  and  in  assisting  to  forward  the  work 
initiated  by  headquarters  in  connection  with  mining  issues 
of  Dominion- wide  application  thej^  would  be  invaluable. 

In  the  prosecution  of  its  duties  having  to  do  with  the 
industrial  side  of  mining  and  metallurgy,  the  Institute  might 
well  also  go  outside  its  own  organization  for  assistance  and 
support.  Such  bodies  as  the  Manufacturers'  Association  and 
Boards  of  Trade  might  advantageously  be  invited  to  co-operate ; 
and,  as  already  suggested  at  Winnipeg,  the  powerful  aid  of 
the  press  should  not  be  ignored. 

Of  the  great  problems  yet  unsolved  with  which  we  in 
this  country  must  deal,  and  deal  adequately  without  delay, 
that  of  coal  supply,  is,  in  the  opinion  of  many,  the  most  urgent. 
In  the  solution  of  this  problem  there  is  opportunity  for  the 
Institute  to  play  a  part.  With  the  terms  of  the  problem  all 
here  are  doubtless  familiar.  Coal  is  the  most  essential  of  all 
raw  materials.  Upon  its  production  in  Canada  in  sufficient 
quantity  to  satisfy  demand  in  Canada,  depends  in  a  very 
large  measure  our  industrial  independence  and  our  national 
self-sufficiency.  It  is  definitely  known  that  our  coal  resources 
are  greater  than  those  of  any  other  country  save  only  those 
of  the  United  States.  But  nature  has  played  us  a  trick  by 
distributing  these  resources  unfairly,  giving  much  to  the  ex- 
treme East,  much  more  to  the  West,  and  none  at  all  to  the 
central,  and  at  present  the  most  thickly  populated,  portion 
of  our  country.  In  consequence,  a  very  considerable  propor- 
tion of  the  coal  consumed  in  Canada — some  twenty  million 
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tons  or  more  annually — is  derived  from  the  coalfields  of  the 
United  States,  which  by  reason  of  their  proximity  have  been 
able  to  supply  coal  to  central  Canada  at  a  lower  price  than 
that  at  which  Canadian  coal  could  be  offered.  No  doubt  no 
principle  of  political  economy  was  violated  by  this  arrange- 
ment. But  first  the  war,  with  the  fuel  shortage  incidental 
thereto  in  the  United  States,  and  more  recently  the  fact  that 
our  balance  of  trade  with  our  neighbour  has  been  sadly  on  the 
wrong  side  with  a  consequent  penalization  in  the  rate  of  ex- 
change, has  brought  reflection  that  independence  in  the  matter 
of  fuel  supply  is  very  much  in  the  national  interest.  I  am 
convinced  that  that  desideratum  is  in  great  part  attainable. 
The  problem,  however,  must  be  regarded  as  a  national  one. 
and  must  be  so  attacked.  Its  successful  solution  depends 
on  the  determination  of  all  concerned  to  find  it;  and  those 
concerned  comprehensively  include  the  people  of  Canada. 
Whether  the  people  of  Canada  as  a  whole  yet  realize  what  a 
successful  solut'on  of  the  coal  problem  implies  is  open  to  ques- 
tion. The  task  of  moulding  pubhc  opinion  to  a  proper  under- 
standing and  appreciation  of  this,  to  us,  most  vital  of  issues 
is  a  task  that  the  Institute  might  assume  with  the  full  as- 
surance that  it  is  one  worthy  of  its  highest  endeavours. 


CANADA'S  COAL  PROBLEM— 

A  PLEA  FOR  COURAGEOUSLY  TACKLING  IT 

By  C.  V.  CORLESS  ' 

(Western  General  Meeting,  Edmonton,  September,  1921.) 

The  eyes  of  the  East  are  turned  to  the  West,  though  not 
altogether  with  the  intention  of  acting  on  Horace  Greely's 
advice.  For  many  years  Western  Canada  has  been  known  to 
be  the  greatest  repository  of  solid  fuel  in  the  British  Empire; 
the  greatest,  indeed,  in  the  world,  outside  of  the  United  States, 
with  the  possible  exception  of  China.  And  now,  though  you 
are  speaking  with  commendable  conservatism  until  more  com- 
plete information  is  in  hand,  Western  Canada  seems  on  the 
eve  of  being  looked  upon  as  one  of  the  world's  greatest  stores  of 
liquid  fuel.  If,  for  the  moment,  we  merely  mention  a  few  of 
your  largest  and  most  widely  known  metalliferous  deposits — 
Flin-Flon,  Sullivan,  Britannia,  Anyox — and  if  we  barely  make 
passing  reference  to  the  still  more  important  economic  fact, 
that  the  Great  West  must  always  be  one  of  the  few  inexhaust- 
ible granaries  of  the  Empire,  it  is  only  that  we  may  for  a  short 
time  concentrate  our  attention  more  closely,  and  I  venture  to 
hope  more  usefully,  on  the  problem  of  extending  to  the  utmost 
practical  limit  eastward  the  distribution  of  your  practically 
limitless  reserves  of  fuel. 

In  preparing  this  great  continent  as  an  abode  for  Man, 
Nature  lavished  her  gifts  most  generously  and  distributed  them 
widely.  In  no  single  instance  is  this  statement  more  true  than 
in  her  distribution  of  fuel  and  its  equivalent,  water  powers. 
Nature,  however,  did  not  endow  Man  at  once  with  full  wisdom — 
perhaps  it  was  not  possible  to  do  so — but  left  him  to  acquire  this 
by  painful  experience.  At  the  stage  reached  at  which  you  and 
I  are  groping  our  way  toward  greater  light,  we  find  that  be- 
cause of  his  limited  vision,  or  intuitive  prescience,^ — ^he  is  not  yet 
far  enough  advanced  to  determine  which — Man  has  drawn  an 
imaginary  line  across  the  continent  near  the  middle,  and  erect- 
ed barriers  against  the  easy  distribution  across  this  line,  of 
Nature's  bounties.  He  has  thus  created  for  himself  additional, 
difficult,  and  complex  problems  in  engineering,  finance,  and 
government. 

^  Presidential  address,  delivered  at  the  Western  General  Meeting, 
Edmonton,  September  1921. 
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But,  ours  "is  not  to  reason  why".  As  practical  men,  we 
are  trying  to  grasp  the  best  means  to  deal  with  existing  con- 
ditions. Though  we  are  not  here  to  settle  difficulties  in  geog- 
raphy, history,  or  philosophy,  it  does  add  to  the  interest  of  our 
problems,  and  it  does  broaden  our  grasp  of  them,  to  recognize 
their  points  of  contact  with  these  and  many  other  subjects; 
for,  though  these  are  outside  of  our  specialties,  they  frequently 
do  cast  unexpected  rays  of  light  on  our  difficulties;  in  fact,  the 
subject  matter  of  these  sometimes  turns  out  to  be  of  their  very 
essence.  For  Nature  is  one;  she  does  not  specialize;  and  the 
deepest  significance  of  the  thread  we  may  be  following  is  general- 
ly not  to  be  found  in  the  filament  itself,  but  is  usually  revealed 
by  its  contribution  to  the  pattern  into  which  Nature  has  woven 
it.  Frequentb^  engineering  schemes  are  wrecked  because  of 
the  deep  influence  of  causes  at  work,  which  a  wider  knowledge 
might  have  revealed.  Every  engineer  knows  of  numerous 
such  cases.  The  classic  failure  of  de  Lesseps  at  Panama,  be- 
cause of  lack  of  knowledge  of  the,  at  that  time  undiscovered, 
means  of  propagation  of  malaria  and  yellow  fever,  will  suggest 
numerous  other  examples.  And  so,  the  few  minutes  consumed 
in  getting  a  generalized  view  of  the  problem  before  us  may  assist 
our  judgment  by  giving  us  a  better  perspective,  if  it  does  tio 
more. 

A  complex  problem  of  this  kind  and  magnitude  is  best 
approached  by  looking  at  it  first  as  a  whole,  in  broadest  outline. 
It  can  then  be  studied  in  descending  steps,  down  to  every  detail. 
Each  part  can  in  this  way  be  given  its  due  weight  and  import- 
ance. Otherwise,  relatively  unimportant  details,  too  close  to 
the  mind's  eye,  may  destroy  our  sense  of  proportion  and  obscure 
our  vision. 

The  question,  to  what  extent  Canada  can  and  should  supply 
herself  with  fuel,  is  one,  the  importance  of  which  can  hardly  be 
over-emphasized.  It  reaches  out  in  many  directions,  some  of 
them  quite  unexpected  to  the  person  who  is  just  beginning  a 
study  of  it.  A  few  of  these  important  elements  of  the  problem 
were  mentioned  in  my  letter  to  the  May  Bulletin,  inviting  dis- 
cussion on  it.  Others  have  been  dealt  with  briefly  in  more  re- 
cent issues  by  contributors,  whom  I  wish  to  take  this  opportun- 
ity of  thanking  publicly  for  responding  to  the  invitation  by 
contributing  such  facts  as  were  at  their  disposal,  together  with 
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frank  and  honest  opinion.  I  commend  these  contributors  for 
their  clearness,  their  terseness,  and  the  courtesy  of  their  critic- 
ism, qualities  which,  I  feel  sure,  will  mark  the  discussion 
throughout.  As  only  the  fringe  of  the  subject  has  so  far  been 
touched,  my  chief  purpose  in  this  address  is  to  urge  that  the 
discussion  be  continued. 

The  subject  is  so  large  and  important,  and  touches  us  all  in 
so  many  ways,  that  every  Canadian  interested  in  public  ques- 
tions owes  it  to  himself  to  try  to  form  a  sound  opinion  on  it. 
Above  all,  it  is  so  much  a  part  of  our  special  field  of  work  that 
we,  as  members  of  Canada's  only  national  mining  institution, 
owe  it  to  the  country  to  continue  the  discussion  until  a  definite 
policy  looms  clearly  into  view  as  being  advisable;  and  there- 
after to  take  whatever  steps  may  seem  wise  toward  trying  to 
secure  the  execution  of  this  policy.  For  myself,  I  am  quite 
frank  in  saying  that,  in  blocking  out  the  subject  in  the  rough 
for  the  Bulletin,  my  purpose  was  to  deal  with  a  few  factors  that 
might  arouse  interest  and  lead  to  definite  and  pointed  discuss- 
ion, with  a  view  to  bringing  out  relevant  data  and  trank  expres- 
sions of  opinion.  I  wished  rather  to  indicate  a  promising  angle 
of  attack,  than  to  express  a  crystallized  opinion.  In  fact,  I 
have  not  yet  reached  any  final  opinion,  and  cannot  hope  to  do 
so,  until  my  additional  reliable  data  are  available.  And  here 
let  me  observe  that  the  fact,  that  any  contributor  offers  data  or 
opinion  on  this  side  or  that  of  a  large  and  difficult  subject,  does 
not  necessarily  imply  that  he  has  no  longer  an  open  mind  on  it. 
It  should  rather  indicate  that  he  is  a  fearless  seeker  after  the 
truth;  that,  because  of  this  he  is  willing  to  contribute  any  rele- 
vant fact,  or  tentative  view,  with  the  hope  of  aiding  in  reaching 
the  wisest  final  conclusion.  Only  ignorance,  or  conceit,  or  both, 
will  face  a  subject  as  large  and  complex  as  the  one  we  are  dis- 
cussing, with  smug  assurance,  and  accept  the  conclusion  finally 
reached  with  an  "I-knew-it-all-the-time"  shrug  of  the 
shoulders. 

And  the  subject  is  of  great  complexity.  It  is  also  unfort- 
unately surrounded  by  many  economic  and  political  prejudices, 
of  which  even  those  taking  part  in  the  discussion  may  find  great 
difficulty  in  clearing  their  minds.  Moreover,  it  is  one  that 
directly  or  indirectly  touches  every  one's  pocket,  and  we  all  find 
it  difficult  in  such  a  case  to  give  due  weight  to  national  advant- 
ages. 
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In  any  case,  we  should  not  lose  sight  of  the  fact  that  we  are  dis- 
cussing a  broad  question  of  policy.  The  carrying  out  of  such  a 
policy  is  necessarily  gradual.  Any  marked  change  in  the 
range  of  distribution  eastward  of  western  coal  will  not  occur 
over  night. 

The  chief  primary  elements  of  this  problem  appear  to  me 
to  fall  under  three  heads:  (1)  The  engineering  elements; 
(2)  Those  considerations  affecting  the  policy  of  the  Board  of 
Managementof  our  National  Railways;  and  (3)  Those  affect- 
ing policy  as  to  the  wisest  development  of  markets  for  distribu- 
tion of  coal  from  our  eastern  and  western  fields,  respectively, 
having  regard  to  the  present  status  and  probable  future  growth 
of  population  and  industries  in  Canada. 

(2)  Engineering  Elements 

The  engineering  aspect  of  the  coal  problem  is  quite 
simple  to  state  and,  though  containing  many  difficulties,  could 
be  settled  in  a  fairly  straight-forward  manner.  It  requires  the 
careful  attention  of  engineers  with  a  wide  and  intimate  know- 
ledge and  experience  in  coal  handling  and  haulage,  and  in  car 
and  locomotive  adaptation  to  special  purposes,  acting  in  con- 
sultation with  those  engineers  who  have  an  intimate  knowledge 
of  the  roadbed,  grades,  curves,  bridges,  and  other  details  of  our 
National  Railways.  The  problem  before  them  would  be  very 
special — to  find  the  most  suitable  design  of  cars  and  engines,  and 
the  best  traffic  organization,  in  order  to  secure  the  absolutely 
minimum  cost  per  ton-mile  for  hauling  western  coal  under  the 
special  existing  conditions.  The  subject  of  equipment  should 
be  studied  both  theoretically  and  experimentally  with  a  view 
solely  to  this  end. 

Existing  ton-mile  rates  for  bulk  freight  cannot  decide  the 
matter.  The  duplicates  of  the  engineering  elements  of  this  prob- 
lem exist  nowhere  else.  The  conditions  of  the  problem  are  not 
only  special  but  very  highly  special.  If  water-carrying  can 
reduce  cost  in  some  cases,  this  should  be  considered.  Though 
railway  engineering  is  not  my  specialty,  I  do  not  fear  contradic- 
tion in  saying  that  this  particular  problem  in  transportation  has 
not  been  minutely  studied,  much  less  than  its  solution  deter- 
minedly and  thoroughly  attacked. 
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There  is  very  much  more  in  the  problem  than  is  usually 
allowed  for;  and  no  real  attempt,  in  which  its  many  aspects  have 
had  due  weight,  has  been  made  to  solve  it.  The  attitude  of 
mind  that  leads  to  a  half-hearted  attempt  is  sure  to  fail ;  for  it  is 
a  problem  of  very  real,  but  probably  not  insurmountable,  diffi- 
culties. It  is  precisely  this  attitude  of  helplessness,  this  belief 
that  "It  can't  be  done,"  that  I  wish  to  attack.  How  many 
engineering  and  other  problems,  quite  as  much  beyond  the 
range  of  apparent  possibility  as  this,  have  we  seen  successfully 
solved  in  recent  years!  And  in  attempting  to  solve  this  prob- 
lem we  have  so  many  adventitious  advantages  thrown  in, 
which  do  not  appear  at  first  sight  but  which  are  none  the  less 
real,  that  though  on  superficial  examination  the  solution  may 
appear  to  be  beyond  our  utmost  reach,  yet,  on  deeper  considerat- 
ion of  all  the  factors,  it  will  be  seen  to  be  even  now  almost 
within  our  grasp.  Here,  then,  is  a  problem  really  worth  tackling. 

I  do  not  wish  to  minimize  the  difficulties.  I  freely  grant 
that  no  engineer  would  voluntarily  create  the  conditions  giving 
rise  to  the  problem.  But  the  coal  and  the  consumers  are  where 
they  are;  and  the  almost  idle  railways  connecting  them  are 
there  awaiting  traffic,  and  eating  their  heads  off  while  awaiting 
it.  Unless  engineers  lend  enthusiastic  support  and  willing 
assistance  to  the  tackling  of  this  problem,  we  shall  never  find 
out  how  far  eastward  the  radius  of  distribution  of  western  coal 
can  be  stretched.  My  belief  will  remain,  until  I  am  refuted 
by  exhaustive  engineering  investigation  undertaken  for  this 
special  problem,  that  our  National  Transcontinental  Railways, 
if  properly  equipped  and  efficiently  organized  and  operated  in 
this  special  service,  will  create  some  entirely  new  records  in 
ton-mile  costs.  The  great  tonnage  demanded,  the  long  haul 
and  the  continuity  of  the  traffic,  to  say  nothing  of  the  excep- 
tionally light  grades  and  curves  claimed  for  these  railways,  are 
a  combination  of  factors  which  make  it  immensely  worth  while 
to  put  money,  brains,  and  energy  into  the  attack.  This  is 
particularly  true  because  some  degree  of  success  is  assured. 
Every  improvement  effected  will  extend  the  distribution  radius 
eastward  and  thus  capture  some  additional  part  of  the  coal 
market,  now  supplied  exclusively  by  the  United  States,  with 
the  numerous  incidental  national  advantages  to  Canada  arising 
from  the  success. 
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The  ton-mile  cost  of  handling  bulk  freight,  attributed  to 
Mr.Hanna  by  one  contributor  to  the  discussion  in  the  Bulletin, 
is  well  above  the  existing  ton-mile  rate  on  wheat  from  Calgary 
to  Fort  William.  Coal  should  in  any  case  take  a  considerably  low- 
er rate  than  wheat.  But  even  this  is  not  the  point.  What  we 
ought  to  ascertain  is :  What  is  the  lowest,  actual,  out-of-pocket, 
additional  outlay  per  ton-mile  at  which  this  coal  can  be  deliver- 
ed where  required  in  Ontario,  charging  against  it  no  overhead 
expense  of  any  kind  except  what  is  actually  due  to  this  addi- 
tional traffic;  and  allowing  for  speciale quipment,  special  organi- 
zation, great  tonnages  over  long  distances,  and  steady  haulage 
the  year  round. 

It  would,  in  my  judgment,  be  advisable  for  our  National 
Railway  management  to  spend  any  reasonable  sum  of  money 
in  exhaustively  examining  these  engineering  features.  There  is 
only  one  way  to  solve  a  difficult  engineering  problem  such  as 
this,  once  we  are  convinced  of  the  immense  importance  of  find- 
ing a  solution,  and  that  is  to  set  about  it  with  the  best  procur- 
able experience  and  ability  of  men  in  these  special  lines  of  en- 
gineering, to  back  them  up  with  ample  means,  and  to  exercise 
determination  to  reach  the  highest  succes  obtainable.  If  we 
start  off  half-heartedly,  with  the  pre-conceived  notion  that  it 
can't  be  done  lurking  in  the  back  of  our  minds,  we  shall  certain- 
ly be  fore-doomed  to  failure. 

(2)  Railway  Policy 

We  come  now  to  the  question  of  government,  or  public, 
policy  concerning  our  National  Railways  rendering  this 
service.  Is  it  sound  policy,  or  is  it  not,  in  making  a  freight  rate 
for  this  commodity,  that  we  should  allow  wider  considerations 
of  national  benefits,  which  would  incidentally  be  rendered  by 
our  publicly  owned  railways,  to  enter  into  the  question? — to 
consider  their  incidental  service  in  reducing  our  economic  de- 
pendence on  the  United  States;  in  developing  our  resources  and 
extending  existing  businesses;  in  keeping  capital  in  the  country, 
or  bringing  in  fresh  capital  for  development,  and  thus  creating 
employment  for  increased  population ;  in  improving  the  rate  of 
exchange  and  increasing  the  area  from  which  national  revenue 
may  be  derived  ?  Or,  in  fixing  a  freight  rate  for  this  important 
business,  should  such  questions  of  policy  be  entirely  disregard- 
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ed,  and  the  operation  of  our  National  Railways  be  looked  upon 
as  a  business  solely  in  and  by  itself? 

Those  who  dceide  the  policies  of  the  best  managed  rai'way 
system  on  this  continent  look  farther  ahead  than  this.  Have 
you  never  heard  of  special  rates  on  settlers'  effects,  on  thorough- 
bred stock,  and  other  commodities,  affecting  other  branches  of 
this  company's  business,  and  favourably  affecting  transporta- 
tion profits  only  indirectly  or  in  the  long  run  ?  If  there  can  be 
shown  sufficient  advantages  to  give  a  favourable  total,  the  only 
wise  policy  is  to  make  a  rate  to  create  the  traffic.  But  I  do  not 
ask  consideration  of  the  question  of  making  a  dead  loss  on  the 
coal  haul.  I  merely  ask  that,  in  view  of  the  facts,  that  this 
traffic  cannot  otherwise  originate  and  that  it  will  bring  the  large 
indirect  advantages  referred  to,  including  greatly  increased 
traffic  directly  profitable  to  the  railways  themselves — I  merely 
ask  that  we  consider  whether  it  would  not  be  sound  policy  to 
make,  where  necessary,  a  rate  on  coal  that  will  cover  only  actual 
additional  expense  arising  from  hauling  the  coal.  This  will 
indirectly  lessen  the  annual  railway  traffic  owing  to  freight 
received  from  profitable  traffic  incidentally  created,  and  will 
bring  to  Canada  these  large  indirect  benefits  in  return  for 
taxes  we  shall,  for  many  years  to  come,  have  to  pay  in  order  to 
meet  the  annual  railway  deficits. 

If,  by  following  a  far-sighted  policy,  we  can  lead  to  the 
mining  annually  of  ten  or  fifteen  million  tons  of  coal  in  the  west, 
now  imported  from  the  United  States,  a  tonnage  that  must 
steadily  increase  to  unknown  figures  in  future,  it  will  lead  to 
large  extensions  of  other  businesses  and  industries,  including 
farming,  as  well  as  an  unexpectedly  large  increase  in  popula- 
tion. In  Sudbury  District,  I  estimate  the  population  directly 
and  indirectly  supported  by  the  mines  as  about  ten  times  the 
number  on  the  mine  payrolls;  and  this  does  not  include  any 
increase  due  to  stimulation  of  business  and  industry  outside 
the  district,  in  Toronto  and  other  cities,  and  in  rural  districts 
for  the  growth  and  preparation  of  food-products  for  the  mining 
population.  And  the  demands  of  the  coal  mines  themselves, 
as  well  as  of  the  population  incidentally^  brought  in,  will  bring 
a  large  addition  of  profitable  in-going  freight  as  well  as  increas- 
ed passenger  service.  I  do  not  ask  consideration  of  any  policy 
whereby  any  one  will  be  taxed  for  the  benefit  of  some  one  else. 
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The  actual  additional  outlay  for  rendering  the  service  must  be 
paid  by  the  consumer.  Is  this  policy  unsound  ?  If  so,  what  is 
the  unsound  spot  in  it? 

(3)  Eastern  and  Western  Coal 

There  is  further  the  question  of  possible  rivalry  between 
our  eastern  and  western  coalfields.  They  do  not  at  present,  to 
my  knowledge  at  least,  compete  at  any  point.  The  problem  is 
not  to  displace,  at  any  point  of  consumption,  the  coal  of  either 
field  in  favour  of  the  other,  but,  rather,  as  far  as  it  is  possible  to 
do  so,  to  set  Canada  on  her  own  feet  in  the  matter  of  fuel 
supply.  I  don't  believe  anyone  financially  interested  in  the 
eastern  field  can  or  will  raise  the  slightest  objection  to  operators 
in  the  western  field  sending  coal  to  the  utmost  limit  eastward 
into  territory  never  yet  supplied  by  the  eastern  field,  under  the 
conditions  as  outlined.  It  seems  to  me  our  coal  policy  should 
be,  to  supply  Canada  to  the  utmost  limit  with  Canadian  coal 
and  to  let  eastern  and  western  coal  meet,  if  possible  at  points 
decided  by  competition.  But  we  should  let  no  local  or  other 
jealousy  or  any  rivalry  between  the  two  fields,  if  any  exists,  or 
should  come  about,  obscure  the  national  issues  involved,  or 
have  any  effect  on  our  National  Railway  policy.  Only,  do  let 
us  have  the  problem  attacked  with  energy,  ability  and  deter- 
mination, but  without  prejudice. 

In  seeking  this  solution,  the  relative  extent  of  the  two  coal- 
fields (as  far  as  known),  their  natural  opportunities  for  market 
expansion,  and  the  bearing  of  these  important  factors  on  the 
future  development  of  Canadian  industries,  are  of  the  very 
first  importance.  Published  estimates  of  the  bituminous  coal 
reserves  of  the  two  fields  indicate  that  those  of  the  maritime 
province  are  but  a  small  fraction  (not  more  than  about  5  per 
cent  I  believe,)  of  the  estimated  reserves  of  our  western  field, 
even  when  the  fact  is  allowed  for,  that  probably  less  than  25 
per  cent  of  our  total  western  coal  is  bituminous.  This  state- 
ment, however,  should  not  be  allowed  to  obscure  the  important 
fact  that  the  eastern  coal  areas  are  reported  to  have  the  very 
large  reserve  of  eight  or  ten  thousand  millions  of  tons  of  high 
grade  bituminous  coal.  If  this  reserve  (and  it  may  be  some- 
what under-estimated)  is  large  enough  to  be  practically  inex- 
haustible, then  we  may  view  it  as  we  do  the  salt  in  the  sea,  in 


Canada's  Coal  Problem — Corless  29 

which  circumstance  the  relative  estimate  of  the  western  re- 
serve of  coal  will  become  a  fact  of  do  present  significance. 
But  is  this  true  ? 

Canada's  eastern  coal  field  is  in  a  commercially  strategic 
position.  Its  various  parts  face  on,  or  lie  close  to,  the  ocean  of 
greatest  commerce.  It  has  probably  the  largest  single  iron  ore 
deposit  in  the  world  dependent  upon  it — a  compact  deposit  said 
to  contain  the  enormous  figure  of  3,500  millions  of  tons  of  ore. 
It  has  also  easy  access  by  water  to  parts  of  Canada  as  far  inland 
as  Montreal,  and  farther  by  use  of  existing  canals.  The  known 
reserves  of  coal  in  the  east  seem  to  an  outsider,  like  myself,  not 
more  than  sufficient  to  provide  reasonably  for  future  iron  and 
steel  making,  domestic  consumption  in  the  area  eastward  from 
Montreal,  and  a  fair  amount  for  export  trade. 

There  is  no  reason  for  drawing  hard  and  fast  lines  in  a  dis- 
cussion of  broad  policy;  but  there  is  every  reason  for  looking  far 
ahead  in  studying  a  question  of  such  national  impotance  as  this. 
A  fewmillion  tons  ofcoal,moreor  less,  sent  annually  into  Ontario 
will  not  appreciably  affect  the  broad  question  of  policy  either 
way.  But  Canada's  population  and  industries  are  growing. 
If  we  have  any  historic  sense,  we  must  see  that  its  population 
will  probably  amount  to  50  or  even  100  millions  within  a  century 
or  two.  And  Canada  may,  like  the  United  States,  then  reach 
a  coal  output  of  half  a  billion  tons  or  more  annually.  Sydney 
can  probably  look  forward  with  some  confidence  to  the  time 
when  it  will  be  a  combination  of  Birmingham  and  Liverpool,  or 
of  Pittsburgh  and  New  York,  in  functional  relation  to  the  steel 
and  shipping  industries.  What  is  left  of  the  eastern  coal  re- 
serve, when  Canada's  population  reaches  50  millions,  will 
look  small  enough  in  relation  to  these  large  eastern  demands, 
which  will  increase  concurrently  with  the  inevitable  growth  in 
population. 

Are  not  such  matters  as  these  of  the  most  vital  importance 
to  the  problem  we  are  discussing  ?  Does  the  discussion  of  a  press- 
ing national  problem  by  practical  men  preclude  any  attempt  to 
make  a  forecast  of  the  future  ?  Surely  not.  The  solution  of 
every  engineering  problem  is  an  attempt  to  make  some  adapta- 
tion to  forecasted  conditions  Since  this  is  a  national  problem, 
the  forecast  must  be  longer.  The  present  conditions  and  coal 
reserves  are  where  and  what  they  are. 
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Without  being  dreamers,  without  being  over-optimistic  as  to 
Canada's  future  growth  in  population  and  industries,  but  with 
a  reasonable  and  sane  expectation  as  to  her  future  place  in 
industry  and  commerce,  what  is  the  bearing  of  these  facts  and 
reasonable  forecasts  on  a  sound  coal  policy  ?  Will  it  be  wiser 
for  Canadians,  in  their  effort  to  supply  themselves  to  the  ut- 
most from  their  own  coal  reserves,  and  to  realize  the  greatest 
possible  value  in  these  reserves,  to  spend  their  maximum  effort 
to  extend  western  shipments  eastward,  or,  to  stretch  eastern 
shipments  westward  ?  Probably  both  will  have  to  be  done,  if 
the  "thousand -mile  gap"  is  to  be  bridged.  But  when  we  con- 
sider the  present  urgent  condition  of  our  National  Railways, 
and  the  many  incidental  advantages  already  pointed  out,  the 
bearing  of  these  matters  seems  to  point  to  the  more  immediate 
urgency,  not  to  say  major  importance,  of  concentrating  as  soon 
as  possible  on  the  problem  of  finding  first  the  maximum  exten- 
sion eastward. 

There  is,  and  can  be,  no  room  for  dogmatic  assertions  in 
discussing  a  problem  of  such  magnitude  and  complexities  as 
this.  There  is  too  great  difficulty  in  weighing  the  almost  in- 
numerable facts  and  conditions  bearing  on  it.  Tentative  opin- 
ions such  as  I  have  just  expressed  should  be  regarded  as  step- 
ping stones,  not  as  final  resting-places;  and  I  hope  this  tentative 
conclusion  will  stimulate  further  discussion. 

It  may  require  courage  for  those  engaged  in  coal-mining  or 
transportation  to  contribute  to  the  discussion,  because  of  busi- 
ness relationships.  But  I  can  hardly  conceive  of  the  heads  of 
any  large  business  corporation  abusing  their  power  by  trying  to 
suppress  honest  expression  of  opinion  or  by  preventing  publica- 
tion of  useful  data,  concerning  a  question  of  national  import- 
ance; and  I  express  the  hope  that  those  with  a  more  intimate 
knowledge  of  transportation,  or  coal-mining,  or  any  of  the  other 
aspects  of  the  problem,  than  I  have,  will  contribute  freely  of 
their  abundance. 

It  is  unworthy  of  us  as  an  Institute,  and  even  more  so  is  it 
unworthy  of  those  of  us  who  are  engineers,  to  regard  a  problem 
as  insoluble  merely  because  it  is  difficult.  As  this  is  a  problem 
intimately  affecting  our  economic  independence,  let  Canadians 
not  stop  short  of  demonstrating  the  utmost  limit  to  which 
Canada  can  supply  herself  with  this  commodity,  which  lies  at 
the  very  base  of  nearly  all  her  industries. 


THE  SEARCH  FOR  OIL  IN  THE  WEST 
By  John  Ness 

The  area  that  the  Imperial  Oil  Company  is  testing  in 
northwestern  Canada  extends  from  the  plains  of  Saskatchewan 
on  the  east  to  the  foot-hills  of  the  Rockies  on  the  west,  and 
from  the  international  boundary  on  the  south  to  within  the 
Arctic  circle. 

For  the  purposes  of  this  paper  this  vast  extent  of  territory 
may  be  conveniently  placed  in  three  divisions  in  each  of  which 
the  geological  features  are  distinctive,  and  presents  its  particu- 
lar problem..  Thus  there  are  :(1)  the  Cretaceous  rocks  of  eastern 
Alberta  and  Saskatchewan,  practically  undisturbed  and  heavily 
covered  by  glacial  material;  (2),  the  folded  and  faulted  Cre- 
taceous of  the  foothills  belt,  the  outer  folds  of  which  give  a  cer- 
tain amount  of  promise  structurally;  and  (3)  the  Devonian 
of  the  Mackenzie  valley  in  which  oil  has  recently  been  struck. 

Eastern  Alberta    and  Western    Saskatchewan. 

Speaking  broadly,  the  structure  of  this  area  is  monoclinal, 
although  there  are  certain  local  irregularities  and  undulations, 
and  evidence  of  two  general  lines  of  folding.  The  first  of  these, 
which  is  the  continuation  of  the  structure  found  in  the  Sweet 
Grass  hills  of  Montana,  probably  extends  north  to  Bow  river. 
The  second  crosses  the  Alberta-Saskatchewan  boundary  south 
of  Macklin  and  trends  northwest. 

The  efforts  of  the  geologists  of  the  Imperial  Oil  Company  have 
centred  upon  these  known,  or  assumed,  lines  of  folding  or 
faulting  which  previous  investigation  has  indicated  as  likely  to 
repay  attention :  but  a  general  survey — of  necessity,  hurried  and 
incomplete — has  been  made  of  the  whole  region  as  far  north  as 
Lac  la  Biche,  south  to  the  international  boundary,  east  to 
Battleford,  and  west  as  far  as  the  Cretaceous  rocks  are  exposed. 

Most  of  the  exposures  in  this  vast  area  were  visited  and 
examined,  a  task  entailing  in  many  places,  more  travelling  than 
actual  geological  work,  owing  to  the  dearth  of  rock  sections. 
Hundreds  of  square  miles  have  been  traversed  without  a  single 
outcrop  of  bedrock  being  seen,  the  streams  having  simply  cut 
their  courses  in  the  extremely  thick  glacial  deposits.  Nothing 
revolutionary  was  discovered  during  these  surveys,  the  pre- 
vious work  in  the  area  leaving  little  to  the  imagination. 

(31) 
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Attention  was  devoted  principally  to  the  selection  of  suit- 
able locations  for  testing  the  oil  possibilities,  those  areas  where 
the  minor  folding  and  crumpling  would  conceivably  create 
conditions  suitable  for  the  accumulation  of  oil,  and  the  supposed 
crests  of  the  broad  arches  which  bring  the  sands  of  the  Dakota 
nearest  to  the  surface  being  studied  in  detail. 


J 


Figure  1.— The  well  at  Tit  hills,  near  Czar,  Alta.  This  well, 
the  first  drilled  in  Western  Canada  by  Imperial 
Oil,  has  now  reached  a  considerable  depth. 
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Previous  development  in  this  area  has  encouraged  the  hope 
that  oil  will  be  found  in  commercial  quantities  provided  that 
drilling  is  carried  to  a  sufficient  depth.  Various  gas  horizons 
have  been  successfully  tapped  and  'shows'  of  oil  have  been 
encountered;  but  the  presence  of  oil  in  commercial  quantity  can 
only  be  determined  by  the  exploration  of  the  lowest  beds  of  the 
Cretaceous  and,  if  necessary,  of  the  Devonian. 

The  drilling  now  in  progress,  or  under  consideration, 
should  prove  to  be  a  fairly  conclusive  test.  Work  is  being  car- 
ried on  at  the  following  locations:  in  Saskatchewan,  near  the 
international  boundary,  south  of  Cypress  hills;  on  the  Saskat- 
chewan river,  north  of  Swift  Current;  at  Muddy  lake,  southwest 
of  Unity;  in  Alberta,  south  of  Monitor  in  the  Misty  hills;  and 
near  Czar  at  Tit  hills. 

Apart  altogether  from  the  commercial  aspect,  the  drilling 
of  these  wells  will  be  of  immense  interest  to  geologists.  Start- 
ing in  the  Bearpaw  (Pierre)  or  the  uppermost  beds  of  the  Belly 
river,  they  should,  if  carried  to  completion  give  a  reliable  and 
unique  record  of  the  Cretaceous  sediments  below  these  horizons 
and  furnish  interesting  information  regarding  the  attitude  and 
character  of  the  under-lying  Devonian. 

FOOTHILLS  BELT. 

Although  exploration  in  the  foothills'  belt  was  also  con- 
fined largely  to  rocks  of  Cretaceous  age,  the  problems  arising 
differed  greatly  from  those  of  the  plains. 

From  available  literature  on  the  geology  of  this  area  the 
Company's  geologists  were  well  informed  concerning  the  general 
structures  of  the  territory.  They  knew  that  the  Cretaceous 
rocks  had  been  intensely  folded  and  faulted  in  proximity  to  the 
Rockies,  and  that  proceeding  eastward  the  effects  of  the 
great  upheavals,  complementary  to  mountain  building,  grad- 
ually diminished  until  the  sedimentary  rocks  were  eventually 
found  in  such  an  attitude  as  to  give  favourable  structure  for  the 
accumulation  of  oil.  Not  only  so,  but  rocks,  recognized  else- 
where as  bituminous,  were  known  to  underlie  the  area  within 
convenient  reach  of  the  drill. 

Starting  from  the  international  boundary,  they  followed 
and  mapped  these  outer  folds  into  the  Peace  River  district  and 
traversed  that  river  from  above  Hudson's  Hope  to  30  miles  be- 
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low  Peace  River  Landing,  the  development  around  the  latter 
place  giving  this  a  special  interest.  As  in  eastern  Alberta,  the 
activities  of  the  geologists  were  directed  mamly  to  those  points 
which  previous  research  either  by  the  scientist  or  by  the 
driller,  had  brought  into  prominence. 


Fi^rure    2-Blairrrore   (Dakota)    sandstone,    practically    vertical     at 
Figured.     ^^J^'^^i^p^^iii^Alta.     This  is  a  good  illustration  of  local 
disturbances  in  the  Foothills  area. 
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A  redeeming  feature  of  the  Calgary  'boom',  marked  as  it 
was  by  much  rash  speculation  and  wild-catting,  was  the  develop- 
ment, in  Turner  valley  west  of  Okotoks,  of  the  first  producing  oil- 
field in  Western  Canada.  The  vast  amount  of  drilling  that 
was  undertaken  by  the  various  mushroom  companies  at  this 
time  neither  proved  nor  condemned  southwestern  Alberta  as  an 
oil-producer.  Most  of  the  wells  were  located  at  the  whim  of 
the  driller  and  without  any  regard  to  geological  conditions; 
and  those  locations  which  might  have  given  a  fair  test  were 
abandoned,  owing  either  to  drilling  troubles  or  to  lack  of 
funds.  The  bursting  of  the  bubble  discredited  largely  the 
field  in  the  eyes  of  the  public,  but,  it  still  remained  of  interest 
to  the  well-informed  oil-man. 


Figures. — Belly  river  sandstone  on  Waterton  river,  near  Pine  creek, 
Alta.  This  exposure  is  on  the  eastern  flank  of  the  Twin 
Buttes  anticline  on  which  drilling  is  at  present  being  done. 

That  the  Imperial  Oil  Co.  still  have  faith  in  the  future  of  the 
area  may  be  gathered  from  the  fact  that  they  have  acquired 
scattered  leases  over  a  large  area  on  representative  s  tructure, 
and  are  drilling,  or  preparing  to  drill,  a  series  of  wells  that 
should  prove  an  ample  test  of  the  foot-hills  belt.  Thus  on  a 
structure  designated  the  Twin  Buttes  anticline,  two  wells  are 
being  drilled,  one  within  a  few  miles  of  the  international 
boundary  and  the  other  slighty  to  the  north.  On  the  Willow 
Creek  anticline,  west  of  Nanton,  a  third  well  is  being  drilled, 
whilst  an  endeavour  will  ba  made  to  deepen  a  well,  taken  over 
from  another  company,  in  the  same  territory.    All  these  wells 
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were  started  in  Benton  shale  and  production  would  be  looked 
for  in  the  Dakota,  although  sandy  phases  of  the  Benton  might 
give  shows  of  oil. 

Thanks  to  the  enlightened  policy  of  the  government  in 
throwing  open  the  forest  reserves  to  oil  investigation,  other 
promising  areas  have  been  made  available  and  will  probably  be 
tested  in  the  vicinity  of  Coalspur.     Here  the  structure  exposes 


Figure  7. — An  exposure  of  'tar  sands'  on  the  Athabasca  river, 
near  McKay. 
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Belly  River  strata  with  very  steep  dips,  and  gas  seepages  have 
been  noted.  Deep  drilling  will  probably  be  necessary,  but  the 
chances  of  obtaining  production  from  the  Benton,  or  even  from 
the  lower  beds  of  the  Belly  River,  are  not  to  be  overlooked. 

Favourable  indications  for  oil  are  found  near  Pouce  Coupe, 
the  rocks  at  the  surface  being  probably  equivalent  to  the  lower 
Pierre  of  eastern  Alberta. 

In  the  present  fie'd  of  activity  at  Peace  river,  success,  if 
attained,  will  probably  be  in  the  Devonian. 

There  are  other  structures  in  the  vast  area  under  review 
that  offer  possibilities  of  oil  and  gas  production. 

Mackenzie  River  Bastn. 

Exploration  in  the  basin  of  the  Mackenzie  dates  back  to 
the  latter  part  of  the  eighteenth  century.  The  first  investiga- 
tion of  the  area  on  behalf  of  the  petroleum  industry,  however, 
was  not  undertaken  until  1914,  when  Dr.  T.  O.  Bosworth,  lat- 
terly chief  geologist  of  Imperial  Oil,  Ltd.,  covered  the  whole 
district  "from  the  cities  of  Alberta  to  the  Arctic  Ocean".  On 
his  return  to  civilization  he  wrote,  "  The  expedition  in  north- 
ern Canada  has  been  entirely  successful  and  findings  of  great 
importance  have  been  made",  a  view  amply  borne  out  by 
current  events. 

In  consequence  of  the  war,  development  was  postponed  until 
1919,  when  two  rigs  were  shipped  into  the  country  to  locations 
previously  made  by  Dr.  Bosworth,  namely,  one  at  Windy 
point  on  Great  Slave  lake,  and  the  other,  destined  to  become 
famous,  at  a  point  40  miles  down  stream  from  Fort  Norman  on 
the  Mackenzie.  Accompanying  the  drilling  crews  were  two 
parties  of  geologists  who  devoted  the  short  season  at  their  dis- 
posal to  a  more  careful  study  of  the  rocks  in  the  vicinity  of  the 
drilling  operations. 

During  1920  both  drilling  and  survey  work  were  continued. 
The  drilling  was  attended  with  satisfactory  results. 

The  Tar  Sands 

In  travelling  northward  on  the  great  waterways,  the  De- 
vonian formation  is  first  found  at  Crooked  rapids  on  the  Atha- 
basca. Associated  with  these  limestones  are  the  'tar  sands'.  Oil 
indications  along  the  Athabasca  river  are  probably  the  most 
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extensive  and  conspicuous  in  the  whole  world.  For  a  distance 
of  100  miles  a  bed  of  tar  sand  from  150  to  220  teet  in  thickness, 
is  almost  continuously  exposed  along  the  sides  of  a  gorge-like 
valley,  and  in  many  parts  cliffs  of  the  tar  rock  rise  steeply  from 
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the  water's  edge  to  a  height  of  200  feet.  From  the  exposures 
on  the  Athabasca  and  its  tributaries,  and  by  deduction,  we  may 
reasonably  assume  the  existence  of  the  tar  sands  over  an  area  of 
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10,000  square  miles, — probably  the  largest  deposit  of  asphaltum 
in  the  world. 

The  tar  sand  is  a  sandstone  formation  saturated  with  a 
dark  viscous  oil.  Originally  the  rock  must  have  been  an 
ordinary  bed  of  current-bedded  sandstone,  with  some  shaly 
courses,  and  plant-bearing  in  places.  Courses  of  finer  sand- 
stone or  sandy-clay  rock,  seams  of  lignite  and  thin  lenticular 
seams  of  concretionary  limestone  are  occasionally  found,  and, 
at  the  base,  there  are  sometimes  ferruginous  pebbly  beds  with 
very  little  oil.  As  seen  at  the  outcrops,  it  is  a  black  or  dark- 
brown  rock  containing  from  10%  to  30%  (by  volume)  of  heavy 
oil;  it  is  soft  and  somewhat  plastic  and,  in  some  instances,  oil 
can  be  squeezed  out  by  hand.  In  places,  heavy,  tarry  oil  issues 
slowly  from  the  cliffs  and  accumulates  in  holes  dug  in  the  out- 
crop. Chemical  analyses  show  this  oil  to  be  of  fairly  good 
grade,  the  chief  drawback  at  present  being  that  it  is  so  viscous 
that  it  cannot  be  pumped  from  the  wells. 

It  has  been  supposed  that  the  asphaltic  material  seen  at 
the  outcrops  of  the  tar  sand  is  the  residue  from  a  vast  body  of 
oil  from  which  the  light  constituents  have  evaporated.  This 
assumption  has  led  to  the  drilling  of  a  number  of  wells  back 
from  the  outcrop  of  the  sand,  in  the  hope  of  finding  a  lighter 
grade  of  oil.  This  hope,  however,  has  not  been  realized,  as  the 
oil  found  was  almost  as  viscous  as  at  the  outcrop  of  the  sand. 

It  seems  possible  that,  eventually,  an  oil  industry  may  be 
established  in  the  Athabasca  tar  sand  region,  but  whether  this 
will  be  the  result  of  entirely  unique  methods  of  extracting  the 
oil  from  the  wells  to  circumvent  its  high  viscosity  or  whether 
the  chemist  will  devise  a  means  of  extracting  the  oil  from  the 
sands  by  retorting,  has  yet  to  be  determined. 

Slave  Lake 

Travelling  eastward  from  Fort  Providence  along  the  shores 
of  Slave  lake,  no  solid  rock  is  found  until  after  passing  Slave 
point.  On  the  east  side  of  this  is  a  deep  bay  about  five  miles 
wide,  having  a  beach  formed  of  limestone  fragments  which  have 
been  derived  from  outcrops  under  the  water  near  at  hand. 
Across  the  bay  is  point  Brule,  at  which  occurs  a  raised  beach,, 
or  a  succession  of  raised  beaches,  of  limestone  debris,  traceable 
eastward  for  some  miles.    At  point  Brule  the  waves  of  the 
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present  lake  have  cut  into  the  older  shore  line,  forming  a  cliff 
about  18  feet  high,  capped  by  loose  stones.  The  lower  part 
of  the  cliff  is  composed  of  fine  grey  limestone,  fissile  in  parts, 
smelling  strongly  of   petroleum  and  containing  ill-preserved 
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corals,    alveolites,  brachiopods   and  gasteropods.     The  same 
rocks  are  exposed  beneath  the  water. 

At  Windy  point  there  are  heavy  beaches,  old  and  new,  con- 
•.sisting  of  limestone  fragments    (all  more  or  less  petroliferous) 
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but  the  solid  rock  is  not  exposed.  About  1  y^  miles  from  Windy 
point ,  however,  the  solid  limestone  is  again  seen  beneath  the 
water, and  thence  for  two  miles  further  the  only  evidence  is  in 
the  beaches.  Next  is  a  portion  of  the  shore  where  for  three 
miles  the  solid  rocks  are  conspicuous,  forming  a  ragged  coast- 
line with  scars  of  limestone  reaching  far  out  into  the  water. 
The  beds  are  still  dipping  in  the  same  direction,  but  the  rock 
consists  of  a  rough  bedded  dolomite-limestone  of  crystalline 
structure  and  porous  texture,  saturated  with  fluid  petroleum 
which  is  seeping  into  the  waters  of  the  lake,  giving  rise  to  a  dis- 
tinct film  of  oil  on  the  surface  at  most  parts  of  the  shore  for 
several  miles. 


Figure  10. — Unloading  the  boiler  at  Windy  point,  Great  Slave  lake. 

Inland,  for  a  distance  of  half  a  mile,  the  rock  exposures 
contain  small  pools  of  asphalt  and  oil.  Gas  seepages  have  been 
noticed  on  the  shore  and  small  sulphur  springs  exist.  There  is 
no  evidence  of  structure,  and  the  thickness  of  the  beds  is  un- 
known. They  have  been  referred  to  the  middle  Devonian  and 
denominated  'Slave  Point  Limestone'  and  'Presqu'ile  Dolomite' 
respectively,  and  would  probably  correlate  with  the  Beaver- 
tail  and  Ramparts  limestones  of  the  Mackenzie. 

In  the  valley  of  the  Hay  river,  Cretaceous  beds,  approx- 
imately of  the  same  age  as  the  Loon  River  shales,  are  found,  and 
also  members  of  the  upper  Devonian  correlated  with  the 
Chemung   and    Portage. 
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The  well  now  being  drilled  at  Windy  point  should  give  some 
interesting  data  regarding  the  thickness  and  character  of  the 
underlying  strata. 

Mackenzie  River. 

Stratigraphy — The  rocks  of  that  part  of  the  Mackenzie 
basin  to  which  special  attention  is  now  being  directed  range 
in  age  from  Silurian  to  Tertiary,  with  a  varying  cover  of  Glacial 
and  Recent  material.  As  the  Silurian  does  not  enter  largely 
into  the  present  developments  it  may  be  dismissed  in  a  few 
words. 

In  "The  Mackenzie  River  Basin"  by  Camsell  and  Malcolm 
of  the  Geological  Survey,  reference  is  made  to  the  'Palaeozoic, 
not  sub-divided,'  which  is  found  in  a  range  of  mountains 
crossing  Great  Bear  river  at  the  rapids  and  extending  north- 
west and  southeast  beyond  the  range  of  vision.  Mount  Charles, 
in  this  range,  is  said  to  consist  of  interstratified  conglomerates, 
quartzites,  and  magnesian  limestones  of  Palaeozoic  age. 

The  interpretation  given  to  these  beds  by  our  geologists 
is  as  follows,  commencing  with  the  lowest  exposures : 

Thin-bedded,    black,    hard,    brittle   limestone,   with   bituminous 

odour  when  freshly  fractured 50  ft. 

Pure  white  gypsum  with  lenses  of  bituminous  shales 50  ft. 

Highly  cavernous,  soft,  brownish-red  dolomite 150  ft. 

Sandy,  greyish  limestone  with  fragments  of  chert,  grading  into  a 

heavy,  grey,  fossiliferous  limestone  brownish  and  red  in  placesl,000  ft. 

Red  and  brownish,  brecciated,  siliceous  limestone  with  much  chert. 

Red  colour  due  to  hematite 400  ft. 

Greyish,  brecciated,  siliceous  and  cherty  limestone 300  ft. 

Break  in  evidence 

Thick  series  of  thin-bedded,  sandy,  greyish  and  buff  limestone 
becoming  more  massive  and  thick-bedded  near  base.  No 
fossils 1,800  ft. 

White,  very  hard,  almost  quartzitic,  marble-like  limestone 100-200  ft. 

Sandy,  buff  limestone  and  reddish-weathering  sandstone 40-  60  ft. 

Extremely  hard,  pure  white,  thin-bedded  limestone 50-  60  ft. 

Most  of  this  section  would  approximate  to  rocks  of  Niaga- 
ran  age,  the  three  last  mentioned  beds  however,  are  included  in 
what  we  have  termed  the  'Bear  Mountain  series',  the  upper 
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part  of  which  may  be  Helderbergian  and  the  lower  part  Mun- 
roe.  In  view  of  the  controversy  regarding  the  interpretation 
of  the  upper  contact  of  the  Silurian,  the  writer  hesitates  to  fix  any 
definite  horizon,  leaving  it  to  future,  and  more  detailed,  invest- 
igation. 

These  sections  were  obtained  in  the  Franklin  mountains, 
east  of  Fort  Norman  and  in  the  Bear  Mountain  range  which 
parallels  the  Mackenzie  below  its  confluence  with  the  Great 
Bear  river. 

As  in  the  Silurian,  so  in  the  Devonian  much  has  still  to  be 
done  before  a  complete  table  of  its  constituent  parts,  and  any- 
thing approaching  definite  correlation,  can  be  attempted. 
Neither  is  it  certain  that  the  nomenclature  adopted  by  our 
geologists  will  be  permanently  associated  with  the  beds  to 
which  they  have  been  referred.  What  has  been  accomplished 
must  only  be  considered  as  preliminary  investigation  of  a  very 
interesting  and  complex  problem,  and  due  allowance  made  for 
the  hurried  nature  of  the  survey. 

The  'Bear  Mountain  series'  is  composed  of  the  following 
beds: 

White,  very  hard,  almost  quartzitic,  marble-like  limestone 100-200  ft. 

Sandy,  buff  limestone  and  reddish-weathering  sandstone 40-  60  ft. 

Extremely  hard,  pure  white,  thin-bedded  limestone 50-  60  ft. 

Massive,   buff,   shaly,   cavernous  and  brecciated  dolomite  with 

indistinct  bedding 200-225  ft. 

As  previously  stated  the  greater  part  of  this  series  has  been 
interpreted  as  Silurian,  the  line  of  demarcation  between  that 
system  and  the  Devonian  being  doubtful. 

The  'Lower  Ramparts  shale  and  limestone'  is  next  in  order 
consisting  of: 

Hard  limestone  with  olive  green  colour  and  bituminous  odour.  . .  .300  ft.H 

Grey-green  argillaceous  shales,  grading  into  a  shaly  limestone 

above.     Thin  calcareous  seams  contain  chonetes 250  ft.-t- 

These  are  correlated  as  Oriskany  and  Onondaga. 
The  succeeding  beds  are  termed  'Ramparts  limestone'  and 
described  as: 

Compact  grey  limestone,  well  bedded  into  three  or  four  main 

Courses.    Fossiliferous .- 100-300  ft. 
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By  reason  of  the  fossil  evidence  this  is  considered  as  being 
equivalent  to  the  Hamilton. 

The  'Beavertail  Limestone'  follows: 

Dark,   bituminous  limestone,   thin-bedded   and   in  part   largely 

made  up  of  alveolites.     Brachiopods  in  lower  part 300-400  ft. 

Being  rather  hard,  this  limestone  forms  some  rock 
features  and  is  well  exposed  in  places.  It  is  highly  bituminous 
and  smells  very  strongly,  especially  when  freshly  fractured.  It 
weathers  to  a  dark  colour  and  where  it  passes  under  water  bub- 
bles of  gas  arise.  It  has  been  correlated  with  the  Tully  of  the 
Eastern  States. 

Perhaps  the  most  important  member  of  the  series  occurs 
next,  namely  the  Hope  shales,  which  have  been  classed  with 
the  Gennesse-Portage  series. 

Black,  bituminous  and  carbonaceous  shales.  Plant  remains  in 
upper  half.  Rhynchonella  in  calcareous  seams  in  lower. 
Concretions  and  thin  beds  of  hard  sandstone  abundant 800-1000  ft. 

The  shales  smell  strongly  of  bitumen,  especially  when 
freshly  broken.  The  odour  is  perceptible  from  afar.  Where 
exposed  they  are  undergoing  slow  combustion  to  such  a  degree 
that  even  the  loose  talus  fallen  from  the  banks  is  uncomfort- 
ably warm.  In  some  places  where  these  rocks  pass  under  water 
gas  is  bubbling  up,  and  small  flames  arise  from  pieces  of  the 
rock  placed  in  a  log  fire.  On  cooling  these  pieces  turn  red. 

The  shales  are  well  exposed  in  many  places,  sections  of 
from  75  to  200  feet  being  observed,  often  burnt  to  a  bright 
brick-red  colour  from  top  to  bottom.  The  upper  part  of  the 
shales  contains  fossil  plants,  sigillaria,  lepidodendron  ( ?)  and 
calomites.  At  intervals  there  are  thin  seams  and  lenticles  of 
hard  concretionary  bituminous  limestone.  In  the  lower  part 
there  are  some  seams  of  calcareous  shales  containing  rhynchon- 
ella in  abundance. 

On  testing  samples  of  this  shale,  which  is  the  source  of  the 
largest  show  of  oil  in  the  Fort  Norman  well,  a  yield  corres- 
ponding to  23^  gallons  of  oil  per  ton  was  obtained.  In  con- 
junction with  the  underlying  limestone,  we  have  here  a  remark- 
able series  of  bituminous  rocks,  of  such  a  character  as  to  form 
an  admirable  oil-generating  formation. 
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Above  the  shales  just  described  we  have  the  'Norman 
series',  the  lower  part  correlated  with  the  Chemung  and  the 
upper  with  the  Catskill.  This  series  has  been  subdivided  as 
follows : 


Figure  12. — Cretaceous  deposits  on  Little  Bear  river,  near  Fort 
Norman.  An  8-foot  seam  of  coal  is  exposed  at  the 
base. 
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Lower  Norman  sandstone  (inconstant) 

Bluish-green,  poorly  indurated  flaggy  sandstone,  massive  in 

places  and  jointed 0-300  ft. 

Lower  Norman  shales. 

Dark  blue  plastic  shales 250  ft. 

Norman  limestone  (inconstant). 

Thin  bedded,  hard  .argillaceous,  impure  greyish  limestone 0-50  ft. 

Upper  Norman  shales. 

Dark  blue,  soft,  plastic  shales  with  thin  sandstone  members,  1,200 ft. 
Upper  Norman  sandstone. 

Bluish-green,  thin  bedded  to  massive  sandstone 300  ft. 

Slight  evidence  was  also  found  of  a  possible  third  sandstone 
member  but  this  could  not  be  substantiated. 

The  sandstones  of  this  series,  though  rather  fine,  are  soft 
and  very  porous,  and  are  indeed  excellent  oil  sands.  Generally 
the  rock  is  heavily  charged  with  oil  and  for  several  miles  along 
the  river  quite  a  considerable  quantity  of  oil  is  seeping  out  from 
it.  On  following  one  of  the  creeks  for  a  distance  of  18  miles, 
several  hundered  feet  of  strata  containing  these  green  oil  sands 
was  passed  over,  and  beneath  them,  in  due  course,  the  bitum- 
inous shales  and  limestones  were  found. 

The  'Norman  series'  was  considered  to  be  the  highest 
representative  of  the  Devonian  found  in  the  area,  the  data 
being  based  on  the  examination  of  sections  between  Fort  Nor- 
man and  Old  Fort  Good  Hope. 

In  this  region  the  Devonian,  which  throughout  a  great  por- 
tion of  the  country  lies  nearly  horizontal,  has  been  thrown 
into  a  succession  of  strong  folds.  These  are  exceptionally  well 
displayed,  as  the  denudation  has  proceeded  to  just  such  a  de- 
gree that  the  arches  in  the  hardest  limestone  series  stand  out 
as  mountains  of  from  1,000  to  2,000  feet  in  height.  Between 
the  anticlines,  the  hard  beds  sink  beneath  the  surface  in 
troughs  or  synclines  which  are  generally  areas  of  low  relief,  as 
the  overlying  shales  are  not  capable  of   forming  rock  features. 

The  main  folding  of  the  Devonian  took  place  in  Pre- 
Cretaceous  times,  and  after  the  folding,  there  occurred  a  period 
of  denudation  in  which  the  land  surface  was  carved  into  moun- 
tains with  intervening  valleys. 

Subsequently  the  Cretaceous  deposits  have  been  laid  down 
in  these  lowlands  around  the  mountains  by  seas  and  lakes, 
but  the  mountains  themselves  were  probably  not  submerged. 
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Later  there  has  been  some  further  sUght  folding,  probably 
along  the  old  axes,  by  which  the  Cretaceous  and  Tertiary 
beds  are  slightly  disturbed  from  the  horizontal. 

In  still  later  times  the  great  ice-sheet  passed  over  the 
land  and  'plastered'  it  with  deposits  of  boulder-clay,  sands 
and  gravels.  Thus  between  the  mountains  there  is  a  lack 
of  evidence  regarding  the  Devonian  formation,  the  ground 
being  occupied  by  forest,  muskeg,  boulder-clay,  or  deposits 
of  Cretaceous  and  of  Tertiary  age.    The  Cretaceous  beds 


Figure  13. — Unloading  the  scows  at  Oil  creek  in  1919. 

present  are  supposed  to  correlate  with  the  Benton  of  Alberta 
and  consist  of 

Black  plastic  shales  with  many  sandstone  members  and  con- 
cretions  100-800  ft. 

They  are  found  in  the  Franklin  mountains  and  on  both 
sides  of  the  river  for  a  considerable  distance  down  stream, 
occupying  the  extreme  flanks  and  troughs  of  the  limestone 
structures. 

Tertiary  sediments  are  met  with  around  Fort  Norman, 
where,  resting  unconformably  on  the  Cretaceous  they  occupy 
a  basin  of  considerable  extent.    They  are  said  to  consist  of: 

Greyish  and  light  sandstone  with  many  large  concretions;  conglo- 
meratic in  places.    Beds  of  lignite,  plants  and  shells 100  ft. 
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The  Glacial  and  Recent  deposits  have  already  been 
referred  to.  They  consist  of  glacial  till  with  boulders,  sands, 
and  river  deposits  of  varying  thickness,  and  are  widely  distrib- 
uted over  the  area,  only  the  higher  mountains  remaining 
uncovered. 

Petroleum — The  evidence  of  petroleum  are  many  and 
widespread  throughout  the  region,  and  consist  of  bituminous 
rocks,  burnt  shales,  pools  of  asphalt,  and  seepages  of  gas  and 


Figure  14. — Hauling  the  boiler  into  place  at  Oil  creek. 

oil.  It  was  considered  that  ample  justification  was  forthcoming 
for  the  assumption  that  an  oil-field  of  respectable  dimensions 
awaited  the  drill,  the  reasons  being: 

(1)  The  presence  of  strata  capable  of  generating  oil. 

(2)  The  presence,  above  this,  of  porous  strata  capable  of 
holding  the  oil. 

(3)  Geological  structure  such  as  to  facilitate  the  concen- 
tration of  the  oil. 

(4)  Surface  indications  of  gas,  oil,  and  bitumen. 

One  word  of  caution  may  be  added,  however,  to  allay 
any  excessive  spirit  of  optimism  regarding  the  area.  It  is 
well  known  in  oil  geology  that  oil  is  usually  found  in  anticlines 
or  up-folds  of  the  rocks.  Such  folds  are  found  in  the  Mackenzie 
basin,  but  most,  if  not  all  of  those  so  far  found,  have  been  eroded 
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down  to,  or  below,  the  Hope  shales,  which  appear  to  be  the 
source  of  the  oil.  In  other  words  the  crests  of  the  folds,  on 
which  the  big  production  would  be  expected,  have  been  eroded 
and  the  pools  of  oil  which  doubtless  existed  here  in  Pre- 
Cretaceous  time  have  been,  to  a  large  extent,  lost.  Only  the 
flanks  of  the  fo'ds  remain  for  exploration. 

The  first  test-well  in  the  Mackenzie  basin  was  located  on 
the  delta  of  "Oil  creek"  about  40  miles  below  Fort  Norman, 
and  drilling  commenced  in  the  late  summer  of  1919.  At  this 
point  the  presumed  oil  sands  are  near  the  surface  and  the  well 


Figure  16. — Winter  quarters  at  Oil  creek,  1919-20. 

was  designed  to  furnish  information  concerning  the  nature, 
thickness,  and  lower  limits  of  the  oil-bearing  strata,  no  great 
production  being  expected.  The  record  of  the  well,  which 
was  started  in  the  lower  Norman  sandstone  shows  indication 
of  oil  from  80  feet  downward  throughout  the  remainder  of  the 
Norman  series  and  the  underlying  beds.  As  the  depth  increased 
the  showings  grew  larger,  until  finally  a  flowing  well  was  en- 
countered at  783  feet  in  the  Hope  shales.  After  flowing  for 
30  minutes  the  well  was  succesfully  capped.  Since  there 
were  no  facilities  by  which  the  flow  could  be  measured,  definite 
figures  are  not  available. 

The  importance  of  the  strike  is  largely  discounted  by 
certain  authorities  because  of  the  fact  that  the  production  was 
obtained  in  shale  and  not  in  sandstone.     It  should  be  note, 
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however,  that  besides  getting  production  in  the  shale,  the 
well  proved  the  overlying  sandstones  to  be  oil-bearing  to  a 
certain  extent,  and  justified  the  further  development  of  the 
area  with  a  view  to  testing  their  capabilities  as  commercial 
producers.  Until  this  is  done  we  must  exercise  caution  in 
dogmatizing  regarding  the  ultimate  issue. 


Figure  18. — Timber  on  Bear  island,  where  the  company's  No.  2 
well  is  located.  The  log  cabin  can  be  seen  in 
course  of  construction  in  the  background. 

Develo'pment — The  question  of  the  transportation  of  the 
crude  oil  from  the  field  to  the  refinery,  wherever  it  may  be 
situated,  has  been  widely  discussed  by  the  public,  and  practically 
every  known  means  of  transportation  suggested.  Manifestly 
however,  no  company  or  individual  producer  will  organize 
any  scheme  of  transportation  before  the  resources  of  the 
field  have  been  thouroughly  tested,  and  a  conception  obtained 
of  the  ultimate  production.  To  do  otherwise  would  be  foolish 
in  the  extreme. 

That  the  initial  producer  in  this  new  field  is  1,470  miles 
from  Edmonton,  the  nearest  city;  1,1 70 miles  from  McMurray 
or  1,430  miles  from  Peace  River,  the  nearest  railway  points  ; 
that  insuperable  barriers  to  continuous  river  travel  are  encount- 
ered in  the  rapids  at  Forth  Smith  and  Vermilion;  that  the 
open  season  on  the  lakes  is  limited  to  three  and  half  months, 
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Figure  19.— Striking  oil.  The  well  was  begun  with  a  10-in.,  and  finished 
with  a  6-in.,  casing.  On  striking  the  deposit,  the  oil  flowed 
for  thirty  minutes.  After  the  flow  had  subsided  the  well 
was  capped  and  a  2-in.  ^'choker"  and  valve  put  in.  The 
photograph  shows  the  oil  gushing  out  of  the  2-in.  pipe.  It 
is  of  about  38  degrees  Baume  and  is  rich  in  hght  products. 
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and  on  the  rivers  to  six  months;  that  labour  is  scarce  and  ex- 
pensive, and  that  the  country,  as  yet,  is  incapable  of  supplying 
sufficient  food  for  its  present  population,  are  all  factors  which 
must  be  faced  and  overcome  in  any  scheme  for  the  develop- 
ment of  the  area. 

Those  whose  interests  are,  or  may  be,  connected  with  the 
solution  of  these  problems  can  safely  be  left  to  deal  with  each 
difficulty  as  it  arises  and  every  need  as  it  becomes  claimant, 
and,  should  these  northern  territories  eventually  become  one  o) 
the  world's  oilfields,  there  is  no  doubt  but  that  heir  product 
will  find  a  way,  however  devious,  to  the  market. 


RECENT    DEVELOPMENT    WORK    RELATING    TO 
PETROLEUM  IN  WESTERN  CANADA. 

By  George  Sheppard. 

(Annual  General  Western  Meeting,  Edmonton,  September,  1921.) 

One  of  the  most  important  milestones  in  the  development 
of  the  natural  resources  of  Western  Canada  was  the  year 
1914,  when  the  first  real  excitement  or  'boom'  took  place  in 
Calgary  as  the  result  of  an  oil  strike. 

The  facts  relative  to  this  incident  are  too  well  known  to 
require  repetition.  It  was  finally  summarised  as  being  a 
disastrous  occurrence  in  its  relation  to  the  industrial  welfare 
of  the  province.  But  although  the  prospective  oil  business 
of  the  west  received  a  staggering  setback  at  the  time,  sub- 
sequent events  gave  rise  to  a  secondary  impetus,  the  forces 
of  which  are  now  in  the  process  of  operation.  Attracted  by 
the  promise  of  potential  oilfields  in  Western  Canada,  several 
large  corporations  proceeded  to  undertake  a  systematic  ex- 
ploration of  the  unknown  oil  areas;  and  during  the  past  few 
years,  the  Imperial  Oil,  Limited,  has  conducted  intensive 
geological  surveys  in  the  foothills  belt  of  Alberta  and 
associated  territories. 

For  the  present,  the  oilfields  of  the  far  north,  namely 
Fort  Norman  and  Windy  Point  (Great  Slave  lake),  need  no 
comment,  as  little  can  be  added  to  the  information  contained 
in  recent  publication  on  the  subject. 

Towards  the  end  of  last  year  (1920)  it  will  be  remembered 
that  the  first  well  was  brought  in  at  Fort  Norman  at  a  depth 
of  some  873  feet.  The  well  was  very  encouraging,  but  it  did 
not  justify  the  enormous  amount  of  exaggerated  comment 
which  appeared  in  the  press  at  the  time.  Until  the  results 
of  the  present  season's  drilling  are  available  it  will  be  impossible 
to  say  whether  the  Fort  Norman  area  will  be  an  economic  one 
or  not. 

Central  Alberta. 

About  two  years  ago,  a  well  was  'spudded  in'  by  the 
Imperial  Oil,  Limited  a  few  miles  south  of  Czar  in  Alberta. 
The  location  had  been  decided  upon  more  or  less  independently 
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Section  of  the  Czar  well. 
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by  geologists,  and  for  this  reason  we  had  great  hopes  for  the 
ultimate  success  of  the  well.  An  exceptionally  large  area 
was  leased  on  the  'structure',  and  the  conditions  appeared 
most  favourable  for  a  particularly  deep  test  in  this  part  of 
the  province. 

Geological  conditions  at  Czar  are  as  follows: — The  first 
700  to  800  feet  of  the  hole  penetrated  light  coloured  argil- 
laceous sands,  in  which  occasional  small  coal  seams  and  isolated 
fragments  of  coal  occurred.  This  formation  is  part  of  the 
Pale  Beds  (an  upper  member  of  the  Belly  River  formation 
of  Alberta).  The  next  200  feet  or  so  passed  through  sandy 
shales  and  dark  grey  clays,  which  form  part  of  the  Lower 
Pierre  formation.  Below  this  were  an  interrupted  series  of 
dark  grey  argillaceous  shales  almost  down  to  the  2,700  foot 
level.  These  beds  belong  unquestionably  to  the  Benton 
formation.  Near  the  base  of  this,  however,  a  layer  of  sand- 
stone occurred  some  150  feet  in  thickness,  but  no  indication 
of  either  oil  or  gas  was  found,  though  such  might  have  been 
reasonably  expected. 

At  about  3,000  feet  a  heavy  flow  of  salt  water  was  struck 
in  a  sandy  formation  having  a  thickness  of  about  250  feet, 
and  finally  the  hole  penetrated  a  hard  dolomitic  limestone  at 
3,250  feet. 

The  hole  was  continued  to  3,500  feet,  and  when  abandoned, 
was  still  in  the  limestone. 

Analysis  of  this  limestone  yielded  the  following  results: 

Depth 3,220  ft.  3,250  ft.  3,290  ft.  3,360  ft. 

Insolubles 1.58%  3.52%  0.82%  0.36%) 

Iron  and  alumina 0.38%  0.94%  0.34%  0.42% 

Calcium  carbonate 53  .  19%  52 .  00%  53 . 67%  54  . 71  % 

Magnesium  carbonate 44 .  73%,  42 .64%  44  .93%  44  .69%, 

99.88    99  10    99.76    100.18 

The  Czar  well,  though  a  disappointment  commercially, 
has  a  certain  scientific  interest,  and  for  this  reason  the  following 
information  is  submitted: 

To  a  depth  of  2,750  feet,  which  is  approximately  the 
depth  of  the  base  of  the  Benton  Colorado  shales,  the  form- 
ations encountered  were  exactly  similar  to  those  already  re- 
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cognized  in  this  part  of  Alberta.  Below  this  depth,  however, 
new  geological  formations  were  reached.  The  vertical  distance 
between  the  Benton  shales  (lower  Cretaceous)  and  the  top 
of  the  Devonian  limestone  is  occupied  by  550  feet  of  light 
buff  coloured  and  highly  siliceous  sands,  towards  the  base  of 
which  a  second  flow  of  salt  water  was  struck. 

This   water   was   analysed   with   the   following   results: 

Grains  per  gallon 

Sodium  chloride 5047 .4 

Calcium  carbonate 87 . 5 

Calcium  chloride 475 .3 

Magnesium  chloride 300 .6 

Sulphuretted  hydrogen Very  heavily  charged. 

Sulphates None. 

This  vertical  section  of  550  feet,  therefore,  must  represent 
such  portions  of  the  Dakota  and  Kootenay  formations  as 
exist  in  this  area.  In  the  foothills  of  Alberta,  the  thickness  of  the 
Dakota  has  been  estimated  at  2,000  feet  and  that  of  the 
Kootenay  at  600  feet,  and  the  Fernie  has  also  an  appreciable 
development. 

The  evidence  afforded  by  the  well  samples  suggests  the 
presence  of  a  series  of  transitional  beds  between  the  Cretaceous 
and  the  underlying  Devonian  formation.  This  is  suggested 
by  the  presence  of  rolled  fragments  of  sandstone  and  limestone 
which  were  brought  up  by  the  bailer  at  this  horizon. 

From  the  above  data,  therefore,  it  is  obvious  that,  though 
the  deposits  of  Colorado  age  are  fairly  uniform  over  this  part 
of  the  province,  there  is  a  noticeable  thinning-out  of  the 
lower  Cretaceous  sandstones  towards  the  east.  Apparently 
the  Jurassic,  (Fernie  formation)  disappears  altogether,  thus 
demonstrating  the  presence  of  a  remarkable  unconformity 
between  the  Cretaceous  and  the  Devonian  series. 

Although  the  deposits  occurring  between  the  Benton 
shales  and  the  Devonian  limestone  are  comparatively  thin 
there  is  no  reason  on  this  account  to  suppose  a  tectonic  uplift 
of  the  Devonian.  The  well  records  seem  to  indicate  a  gradual 
thinning  out  of  the  lower  Cretaceous  sandstones  upon  gradual 
easterly  shelving  Devonian  limestone. 

It  is  interesting  to  compare  the  log  and  graphic  section 
of  the  Czar  well  with  the  logs  of  both  the  Fusilier  and  the 
Moose  Jaw  wells,  detailed  records  of  which  are  published  in 
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Memoir  116,  of  the  Geological  Survey  of  Canada — "Invest- 
igations in  the  Gas  and  Oil  Fields  of  Alberta,  Saskatchewan, 
and  Manitoba." 

Commercially,  the  results  of  drilling  the  Czar  well  are  of 
no  value.  Little  gas  and  negligible  traces  of  oil  only  were 
observed  throughout,  and  therefore  the  well  was  abandoned, 
after  all  the  possible  oil  horizons  had  been  penetrated,  at  a 
depth  of  3,500  feet. 

Quite  naturally,  the  tests  here  will  have  far-reaching 
influences  upon  future  prospecting  for  oil  in  central  Alberta, 
as,  at  the  time  when  the  Czar  well  was  started,  very  favourable 
structural  conditions  were  supposed  to  exist. 

Map  55  A  —  Geological  Map  of  Alberta,  Saskatchewan, 
and  Manitoba,  Re-issued  1914,  by  the  Geological  Survey 
shows  the  presence  of  an  extensive  anticlinal  fold  having  a 
north-westerly  trend  through  Macklin  as  far  as  the  town  of 
Vegreville.  There  is  no  doubt  that  this  map  at  first  led  observers 
to  infer  that  an  ideal  geological  situation  existed  for  the  reten- 
tion of  oil  in  commercial  quantities.  Had  the  structure  been 
there,  and  had  the  lower  Cretaceous  formations  previously 
referred  to  been  present  as  a  normal  facies,  the  chances  would 
have  been  good  for  successful  exploitation.  The  second  as- 
sumption could  only  be  proved  by  the  drill,  but  the  assumption 
of  a  large  anticlinal  uplift  in  this  vicinity  has  been  erroneous 
from  the  start. 

The  so-called  Battle  River  anticline  is  now  known  to  be 
the  result  of  inaccurate  stratigraphical  correlation,  supoorted 
by  the  presence  of  a  few  minor  uplifts  in  the  uppermost  surface 
deposits.  From  the  researches  of  J.  A,  Allan,  and  from  the 
work  of  our  own  field  staff,  we  are  confident  that  the  Battle 
River  anticline  never  existed  as  such,  and  therefore  its  title 
should  be  deleted  from  the  records  of  our  geological  literature. 

Several  theories,  more  or  less  ingenious,  have  been  put 
forward  regarding  the  nature  of  the  minor  uplifts  in  the  Neutral 
Hills  area  of  central  Alberta.  These  refer  mainly  to  the  tec- 
tonics of  the  Alberta  syncline  and  to  the  dislocations  occasioned 
thereby  along  its  eastern  boundary.  Have  not  the  effects  of 
glaciation,  however,  a  great  deal  more  to  do  with  the  so-called 
structural  indications  of  this  part  of  the  province  than  almost 
any  other  geological  factor  ? 


Petroleum  in  Western  Canada— Sheppard        65 

Morainic  deposits  of  great  extent  and  thickness  are  found 
universally  distributed  over  the  plains  areas,  even  on  the 
highest  elevations,  and  glacial  erratics  of  large  size  occur  in 
countless  numbers  along  the  lower  levels  of  the  coulees  and 
gulches.  These  accumulations  of  drift  and  glacial  detritus 
connote  at  once  the  presence  of  gigantic  ice  sheets  during 
the  intense  phases  of  the  Glacial  Period.  The  over-riding 
action  of  these  glaciers  upon  the  soft  Cretaceous  sands  and 
clays  of  the  plains  could  not  but  result  in  the  moulding  or  the 
distortion  of  the  more  or  less  plastic  deposits,  thus  simulating 
the  'structural'  forms  we  know  at  the  present  time. 

Is  it  not  possible  that  the  effects  of  the  general  glaciation 
upon  the  surface  formations  of  central  Alberta  have  been  se- 
riously underestimated  in  the  past,  and  have  not  the  resulting 
land  forms  been  inaccurately  interpreted  as  the  results  of 
tectonic   compression  ? 

A  couple  of  extracts  from  recent  Government  publications 
dealing  with  the  geology  of  central  Alberta  still  further  suggest 
how  difficult  it  is  to  account  for  the  existing  geological  condi- 
tions of  this  important  area: 

"The  prospecting  field  at  Czar  is  best  illustrated  by  the 
small  map  inserted  in  Summary  Report  1919  Pt.  C.  On  this 
is  shown  crescentic  lines  of  fractures  on  or  near  the  crown  of 
an  anticline  crossing  the  general  structure  and  on  the  western 
edge  of  the  terrace  structure.  The  location  selected  by  the 
Imperial  Oil  Company's  geologists  for  a  boring  is  on  Sec.  17, 
Tp.  39,  Range  7,  W.  4th  Mer.  This  is  nearly  in  line  with  the 
anticline.  The  well  in  August  was  2350  feet  deep  and  was  in 
the  dark  shales  of  the  Lower  Colorado.  What  gas  was  coming 
had  a  strong  Petroleum  odour."  ^ 

"Recently  drilling  has  been  started  on  some  crumpled 
beds  in  a  westerly  pitching  syndine  south  of  Czar."  ^ 

The  Irma  District 

In  1914  and  1915,  the  Gratton  Greek  Oil  Company  drilled 
a  hole  on  the  Battle  river,  south  of  the  town  of  Irma.  The 
results  of  this  well  were  rather  surprising  and  can  be  summar- 
ized as  follows: 


^     Summary  Report,  Can.  Geol.  Survey,  1920  Pt.  B.,  p.  23  B. 
^    Oil  and  Gas  in  Western  Canada,    (Compiled  under  the  direction   of 
the  Superintendent  Natural  Resources  Intelligence  Branch),  p.  20. 


66 


Petroleum  in  Western  Canada — Sheppard 


Gas  at  192  feet;  water  at  270  feet;  water  and  oil  at  300 
feet;  showings  of  oil  at  1215  and  1,582  feet.  At  1,890  feet  a 
strong  flow  of  dry  gas  to  the  amount  of  5,400,000  cu.  ft.  per 
day  was  encountered.  This  flow  occurred  in  the  Benton 
formation,  and  on  account  of  the  immense  pressure  it  was 
impossible  to  continue  drilling  the  hole.  It  is  quite  possible 
that  the  Irma  field  bears  a  certain  geological  relation  to  the 
Viking  gasfield  and,  should  the  gas  pressure  be  overcome 
during  the  drilling,  there  is  a  reasonable  hope  that  oil  may  yet 
be  found  in  the  lower  horizons. 

The  late  G.M.  Dawson,  originally  subdivided  the  Belly 
River  deposits  of  the  prairie  into  two  groups,  an  upper  Tale 
Series'  and  a  lower  called  the  'Yellow  Beds'.  The  Pale  series 
are  easily  recognized  in  the  field,  as  they  consist  usually  of 


Section  of  Upper  Belly  River  beds  near  Hawkins,  Alta. 
Showing  cross  or  current -bedding. 


greyish  white,  friable  sandstones  underlain  by  a  series  of  light 
coloured  sands  and  sandy  clays.  Carbonaceous  or  lignite 
streaks  are  associated  with  the  Pale  beds  and,  in  addition, 
there  are  large  aggregations  of  dark,  indigo-coloured  ironstone 
nodules  containing  impressions  of  plant  fragments. 

Since  Dawson's  time,  however,  the  Belly  river  series  has 
been  further  subdivided,  and,  in  the  case  of  central  Alberta, 
the  newer  classification  is  not  altogether  satisfactory. 
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Sheep  Creek,  Southern  Alberta,  showing  steeply  inclined  Colorado, 
shales  fsite  of  well). 

According  to  the  reports  of  the  Geological  Survey,  the 
Belly  river  deposits  of  central  Alberta  have  been  classified  as 
under: — 

f     Pale  beds. 
I     Variegated  beds. 
Pale  Beds.  j     Birch  Lake  sandstone. 

Yellow  Beds.      !     Griz/.ly  Bear  formation. 

I     Ribstone  Creek  formation. 
[     Lea  Park  formation 
Along  the  railway  cutting  near  Hawkins,  excellent  ex- 
posures of  the  Belly  River  rocks  occur,  exhibiting  such  features 


Belly  River  Series. 


The  Christie  Well,  S.W.  Alberta.    The  western  flank    of  the  anticline 
can  be  seen  as  a  conspicuous  ridge  in  the  above  photograph. 
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View  of  the  Foothills  country,  Southern  Alberta.    Showing  how  the 
topography  is  directly  expressed  by  the  geologic  structure. 

as  cross-bedding  and  the  allied  indications  of  comparatively 
shallow  water  deposition  accompanied  by  strong,  local  current 
action. 

Near  the  Gratton  Creek  Oil  Company's  location  on  Battle 
river,  also,  a  useful  horizon  marker  is  found  in  the  form  of  a 
hard,  brown,  ferruginous  sandstone  which  carries  a  character- 
istic series  of  bivalves,  etc.,  such  as  Ostrea  and  Unio.  Owing 
to  the  nature  of  the  Battle  river  valley  in  this  neighborhood, 
the  above  sandstone  bed  is  difficult  to  follow,  though  there 


mm 

^m 

i^ 

Gas  seepage  in  the  foothills  country  west  of  Okotoks,  Alta.     The  gas 
is  probably  escaping  from  faulted  Lower  Cretaceous  sandstones. 
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is  reason  to  believe  that  the  same  formation  occurs  east  of  the 
viaduct  near  Fabyan.  Here  again,  however,  we  are  confronted 
with  one  of  the  greatest  difficulties  a  geologist  has  to  contend 
with,  that  is,  the  absolute  lack  of  reliable  horizon  markers. 
The  geological  conditions  governing  the  deposition  of  such 
a  formation  as  the  Belly  River  render  a  uniformity  of  sedimen- 
tation virtually  impossible,  and,  although  a  definite  stratum 
may  be  recognized  in  the  field  at  one  point,  there  is  no  reason 
to  justify  the  supposition  that  the  same  facies  will  occur  in 
another  district  several  miles  away. 

While  dealing  with  the  Battle  river  district  mention 
should  be  made  of  the  'oil'  seepages  which  "have  been  known 
for  years"  and  are  assumed  to  exist  in  this  area.  A  few  months 
ago,  under  the  guidance  of  a  local  geological  expert,  we  visited 
the  most  important  of  these  seepages  and  got  into  serious 
trouble  by  suggesting  that  the  occurrence  was  purely  a  surface 
film  of  iron  oxide  occurring  on  the  water  which  was  exuding  slow- 
ly out  of  a  swampy  patch  near  the  river  level.  The  genuine 
oil  seepages  in  the  Western  provinces  are  extremely  rare,  and 
such  occurrences  can  be  counted  easily  upon  the  fingers  of 
one  hand. 

In  the  foothills  of  the  province,  there  are  signs  of  renewed 
activity  in  the  once  famous  Dingman  field  of  southern  Alberta. 
Certain  leases  in  this  area  have  been  taken  over  recently  by 
the  Royalite  Oil  Company,  and  it  is  anticipated  that  the  new 
operations  will  prove  to  be  a  commercial  success.  The  greater 
part  of  the  Dingham,  or  Black  Diamond,  field  is  located  along 
the  Turner  valley  anticline,  south-west  of  Calgary.  This  is 
the  only  large  anticlinal  structure  within  the  area  covered  by 
the  Sheep  River  map,  published  by  the  Geological  Survey  a 
few  years  ago.  The  fold  is  very  nearly  symmetrical,  and  the 
crest  has  been  eroded  to  such  an  extent  that  a  central  valley 
up  to  two  miles  in  width  is  formed.  The  Benton  shales  occur 
in  the  valley,  and  the  Belly  River  beds  form  well  defined 
ridges  on  the  flanks.  The  flanks  of  the  structure  are  steep, 
the  beds  on  the  east  limb  having  a  general  dip  of  60  to  70 
degrees,  and  on  the  west  50  to  60  degrees.  The  number  of  the 
producing  wells  from  the  above  field  must  be  necessarily 
limited  on  account  of  the  disposition  of  the  dominant 
fold.     For  this  reason  alone  it  is  almost  impossible  to  expect 
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the  large  areas  of  production  so  common  in  the  gentler 
structures  of  Wyoming  and  elsewhere  in  the  United  States. 
According  to  the  records  of  the  Geological  Survey,  a  small 
quantity  of  gas  was  obtained  from  many  of  the  wells  drilled 
in  the  Paskapoo,  but  neither  this  formation,  the  Edmonton, 
nor  the  Belly  River,  has  yet  yielded  petroleum.  The  upper 
part  of  the  Benton  also  is  unproductive,  but  sandstones  in  the 
lower  part  give  gas  and  small  quantities  of  heavy  oil.  Both 
gas  and  oil  have  been  obtained  from  the  upper  beds  of  the 
Dakota,  and  gas  with  a  small  amount  of  oil  is  found  in  several 
beds  lower  down.  The  bulk  of  the  gas  and  oil  is  obtained 
from  the  Kootenay  formations. 


Highwood  River,  S.W.  Alberta.    This  shows  the  contact  between  the 
Belly  River  sandstone  and  the  Benton  shales. 

According  to  the  findings  of  the  Geological  Survey,  the 
position  of  the  oil  sands  is  as  follows: — 

(1)  The  top  sandstone  member  of  the  Dakota. 

(2)  Sand  member  500  feet  below  the  Benton. 

(3)  Eleven  hundred  feet  below  the  Benton,  in  the  Koo- 
tenay, and  200  feet  below  the  coal  seam. 

(4)  Sixteen  hundred  feet  below  the  Benton,  in  the 
Kootenay,  and  650  feet  below  the  coal  seam. 

The  above  data  were  compiled  principally  from  the 
operations  in  the  Dingman  field,  and  it  is  possible  that  a  revision 
will  be  necessary  upon  the  completion  of  the  wells  at  present 
working  in  other  parts  of  the  province. 
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As  yet,  the  foothills  zone  of  the  western  provinces  has 
proved  to  be  the  most  satisfactory  area  for  possible  oil  develop- 
ment, as  it  is  here  that  the  most  favourable  structures  occur 
for  the  accumulation  of  petroleimi. 

Southern  Saskatchewan. 

Near  the  International  boundary,  on  Sec.  4,  Twp.  1,  Range 
27,  W.  3rd.  Mer.,  a  test  hole  is  being  drilled  by  the  Imperial 
Oil  Co.  Limited,  upon  a  structure  which  is  unique  in  its  character 
as  far  as  petroleum  development  is  concerned  in  Western 
Canada. 

Travelling  north  from  the  boundary  line  along  this  creek, 
the  cutbanks  exposed  present  a  series  of  dark,  grey.  Cretaceous 
shales  (Bearpaw),  which  are  practically  horizontal.  At  a 
point  where  the  present  well  is  being  drilled,  however,  the  beds 
dip  sharply  to  the  south  at  an  angle  of  from  15  to  45  degrees 
the  general  strike  of  the  upturned  beds  being  about  9  degrees 
north  of  east,  astronomic.  The  strata  dipping  at  the  maximum 
angle  continue  towards  the  north  for  a  considerable  distance 
(roughly  coinciding  with  Dawson's  section)  i,  and  register  no 
apparent  variation  from  the  dip  as  far  as  can  be  ascertained 
by  the  exposures.  To  the  north  of  this,  however,  a  gap  occurs 
owing  to  the  presence  of  slioped  morainic  material,  but,  still 
further  on,  typical  exposures  of  Bearpaw  shales  are  again  found 
which  dip  gently  to  the  south  at  a  few  degrees.  From  this 
point  northward,  probably  almost  as  far  as  the  town  of  Consul 
and  beyond,  the  Bearpaw  shales  appear  to  constitute  the 
surface  rocks. 

It  is  quite  evident  that  a  pronounced  fault  occurs  imme- 
diately to  the  north  of  the  disturbed  zone,  and  it  possibly  hades 
to  the  south  in  conformity  with  the  dominant  inclination  of 
the  upturned  formations.  The  geologic  structure  thus  pre- 
sented along  Woodpile  coulee  is  known  as  a  thrust  fault, 
whereby  the  older  formations  are  carried  upwards  beside  the 
younger  rocks,  which  are  relatively  undisturbed.  As  far  as 
we  know  at  present,  the  above  example  is  the  only  one  of  its 
kind  mapped  in  southern  Saskatchewan,  though  it  is  directly 
related  to  a  series  of  similar  structures  occurring  to  the  south  in 
Montana. 


^     "The  Geology  and  Resources  of  the  forty-ninth  parallel,"   p   115, 
(Ann.  Kept.  1885.    Vol.  1,  p.  42  c). 
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Weathered  Belly  River  sandstone  on  Woodpile  coulee,  S.  Sask.    (Note 
the  'honey  comb'  effect  cavised  by  wind  erosion) 

Eugene  Stebinger  has  described  ^  and  mapped  a  number  of 
similar  minor  dislocations  to  the  south  of  the  International 
boundary  line,  and  he  ascribes  the  cause  of  these  phenomena 
to  the  extensive  igneous  intrusions  in  the  Bearpaw  mountains. 
It  is  possible  that  these  thrust  faults  really  represent  tectonic 
stress  planes  caused  by  the  igneous  members  of  the  Bearpaw 
Mountains  group. 


The  Mudd  Buttes,  south  of  Monitor,  Alberta.     (Note  the  large  slipped 
masses  of  the  Upper  Belly  River  formation) 


1    U.  S.  Geol.  Surv.  Bull.  641  C. 
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The  stratigraphical  geology  presented  by  the  Woodpile 
coulee  sections  is  interesting  as,  in  addition  to  the  basal  beds 
of  the  Bearpaw  shales  exposed  near  the  beginning  of  the 
upturned  zone,  a  fairly  complete  development  of  the  Belly 
River  series  is  defined.  In  succeeding  order  towards  the  north, 
the  following  members  of  the  Belly  River  formations  are  ex- 
posed —  the  Judith  River  sandstones,  the  Claggett  shales, 
and  the  Eagle  sandstones.  This  last  subdivision  comprises 
the  least  satisfactory  exposures,  as  immediately  to  the  north 
of  the  outcrop  the  fault  occurs.  A  remarkable  feature  in 
connection  with  the  geology  of  this  southern  Saskatchewan 
area  is  the  manner  in  which  the  topography  is  not  expressive 
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Muddy  lake,  south  of  Unity,  Sask.    Showing  the  characteristic 
weathering  of  the  Belly  River  formations. 


of  geologic  structure.  From  the  town  of  Consul  south  to  the 
boundary,  the  topography  is  of  a  true  prairie  type,  being 
gently  undulating  except  for  a  slight  plateau-like  elevation 
(probably  an  erosion  remnant)  to  the  east.  The  upturned 
strata  along  Woodpile  coulee  do  not  form  a  conspicuous  ridge 
as  would  such  similar  structures  in  the  foothills  of  Alberta, 
but  the  outcrops  conform  topographically  with  the  immediate 
surrounding  area.  The  reason  for  this  occurrence  is  difficult 
to  explain,  yet  it  is  probable  that  either  pre-glacial  erosion  or 
the  surface  modifications  induced  by  direct  glacial  action  may 
have  some  bearing  upon  the  problem.  As  a  drilling  location  the 
conditions  above  described  are  by  no  means  ideal,  yet  there  is 
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a  possibility  that  the  fault  occurring  to  the  north  of  the  disturb- 
ed formations  will  effectively  seal  any  accumulation  of  petrol- 
eum that  may  occur  in  the  lower  deposits.  The  actual  location 
has  been  decided  from  the  geological  evidence  in  such  a  way 
that  the  drill  will  not  penetrate  the  fault  line,  which  is  supposed 
to  hade  towards  the  south,  but  will  tap  the  possible  catchment 
area  in  its  immediate  vicinity. 

While  dealing  with  the  petroleum  development  situation 
in-so-far  as  it  affects  Saskatchewan  and  central  Alberta, 
mention  must  be  made  of  additional  exploitation  work  which 
is  now  being  carried  on  in  the  district  south  of  Monitor.  At 
this  point  of  the  prairie  at  least  three  drilling  outfits  are  now 
operating  and  it  is  assumed  that  the  geological  conditions 
obtaining  in  this  area  are  favourable  enough  to  justify  enter- 
prise. At  each  of  these  locations,  the  surface  rock  consists 
of  the  upper  portion  of  the  Belly  River  series  known  as  the 
Pale  beds,  and  hence  it  is  possible  that  the  drill  will  encounter 
the  same  geologic  horizons  as  were  passed  through  in  the  Czar 
hole.  What  will  happen  as  soon  as  the  Colorado  shales  are 
penetrated  is  difficult  to  conjecture,  yet,  in  face  of  the  disappoint- 
ment at  Czar,  there  is  reason  to  suppose  that  some  form  of 
an  uplift  on  a  major  scale  exists  in  the  Misty  hills  area,  and 
on  this  account  alone  the  chances  are  fair  for  the  accumulation 
of  petroleum  on  a  commercial  scale  if  the  oil  horizon  is  present. 
In  view  of  past  experience,  however,  the  prairie  districts  of 
the  West  do  not  encourage  excessive  optimism  in  regard  to 
the  production  of  crude  oil.  On  the  other  hand,  there  are 
fields  where  gas  may  be  expected  in  unlimited  quantity,  as 
the  areas  around  Viking,  Irma,  and  Medicine  Hat,  conclusively 
demonstrate. 
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THE   MACKENZIE    RIVER   OIL    REGION 
By  E.  M.  Kindle 

(Annual  General  Meeting,  Montreal,  March,  1921) 

The  success  of  the  first  well  drilled  for  oil  in  the  Mackenzie 
valley  suggests  that  in  the  near  future  he  Mackenzie  may  be- 
come as  well  known  for  its  oil  as  the  Yukon  is  for  its  gold. 
Both  of  these  great  sub-Arctic  river  valleys  were  supposed 
originally  to  possess  but  one  commercial  asset,  the  fur  trade. 
The  Mackenzie  River  oil-well  is  situated  on  the  bank  of  the 
Mackenzie  river,  40  miles  north  of  the  mouth  of  Great  Bear 
river,  and  about  100  miles  south  of  the  Arctic  circle.  It  is  about 
60  miles  further  north  than  the  Klondike  goldfield,  which  is 
separated  from  the  oil-well  by  350  miles  of  little-known 
mountain  ranges. 

Transportation 

The  Mackenzie  river  has  been  familiar  to  fur  traders  for 
more  than  a  century  as  part  of  a  great  system  of  transcontinen- 
tal waterways  by  which  one  can  travel  by  canoe  or  york  boat 
from  the  Atlantic  to  the  Pacific  oceans.  The  principal  links  in 
this  chain  of  northern  rivers  are  the  Churchill,  the  Athabasca, 
the  Mackenzie,  and  the  Yukon.  Long  before  transcontinental 
railways  were  dreamed  of  many  thousands  of  tons  of  merchan- 
dise was  conveyed  in  york  boats  and  scows,  via  Hudson  Bay, 
over  these  great  rivers  and  the  short  portages  connecting  them, 
to  be  offered  to  the  Indians  of  the  interior  in  exchange  for  furs. 
These  waterways  are  still  used  by  the  fur  traders,  but  the  mer- 
chandise is  now  delivered  by  railways  to  steamers  and  scows 
on  the  Peace  and  Athabasca  rivers. 

The  Mackenzie  basin  is  indeed  a  land  of  magnificent  dis- 
tances. The  up-river  journey  from  Fort  Norman  to  the  end  of 
the  railway  occupies  from  three  to  four  weeks.  The  air-line 
distance  from  Edmonton  to  the  oil-well  is  equivalent  to  the  dis- 
tance from  Nova  Scotia  to  the  eastern  end  of  lake  Superior. 

After  leaving  the  railway  at  either  Peace  River  Crossing,  or 
at  McMurray,  a  trip  to  the  new  oilfield  involves  a  journey  by 
river  of  fifteen  hundred  miles  or  more.  The  route  from  Peace 
River  Crossing  means  later  change  of  steamers  and  a  four-mile 
portage  at  the  chutes  on  the  Peace  river  in  addition  to  the  six- 
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teen  mile  portage  on  the  Slave  river.  By  the  route  from  Mc- 
Murray  the  only  change  of  steamers  is  at  Fitzgerald  on  the 
Slave  river.  At  Fitzgerald,  the  river,  tiring  apparently  of  the 
sedate  behavior  which  has  characterized  it  for  some  hundreds  of 
miles,  plunges  into  a  wild  revel  of  rapids  and  whirlpools.  For 
sixteen  miles  it  rushes  over  granite  ledges,  tears  furiously  past 
granite  islands,  and,  finally  at  the  foot  of  the  Smith  rapids,  be- 
comes again  a  quiet,  well  behaved  river,  safe  for  steamer  navi- 
gation. A  few  years  ago  a  railway  was  completed  from  Edmonton 
to  Peace  River  Landing  on  the  Peace  river,  situated  about  350 
miles  northwest  of  Edmonton.  Another  railway  has  been  built 
north  from  Edmonton  via  lac  La  Biche  to  the  head  of  naviga- 
tion on  the  Clearwater.  Three  lines  of  steamers  are  operated 
on  the  Mackenzie  river  by  companies  engaged  in  the  fur  trade, 
which  has  hitherto  been  the  sole  commercial  industry  in  this 
region.  Away  from  the  banks  of  the  rivers  the  backs  of  men 
and  dogs  furnish  the  only  transport-service  available. 

The  navigation  season  on  the  Mackenzie  extends  from 
about  the  first  of  July  to  the  first  of  October.  The  river  itself 
is  free  of  ce  for  four  months  or  more,  but  the  ice  in  Great  Slave 
lake  generally  lingers  until  about  the  first  of  July.  In  winter 
the  only  communication  with  the  outside  world  is  by  dog  sledge 
which  carries  mail  into  the  Mackenzie  valley  once  a  month. 

The  foregoing  remarks  on  transportation  apply,  of  course, 
only  to  conditions  to  date.  The  discovery  of  oil  will  result  in 
the  initiation  of  hydroplane  service  to  the  Mackenzie  valley 
this  season.  It  may  be  pointed  out  here  that  hydroplanes  can 
reach  the  new  oilfield  nearly  a  month  before  the  ice  is  out  of 
Great  Slave  lake,  by  going  up  the  Peace  river  from  Peace  River 
Crossing  to  the  Pine,  and  then  flying  up  the  Pine  and  down 
the  Nelson  and  Liard  to  the  Mackenzie  at  Simpson.  Capt. 
Mills,  who  has  an  intimate  knowledge  of  these  rivers,  states 
that  the  Liard  and  Mackenzie  rivers  are  free  of  ice  a  month  be- 
fore Great  Slave  lake  is  open. 

Climate 

Although  the  new  oil-district  lies  in  the  latitude  of  souths 
ern  Baffinland  and  south  Greenland,  it  has  a  far  more  genial 
summer  climate  than  its  latitude  would  suggest.  The  gardens, 
at  the  trading  posts  in  this  part  of  the  Mackenzie  valley  afford  a 
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good  variety  of  the  more  hardy  garden  vegetables.  Potatoes  of 
excellent  quality  and  good  size  are  raised  as  far  north  in  the 
Mackenzie  valley  as  the  Arctic  circle.  The  nearly  continuous 
sunshine  of  June  is  the  great  factor  in  the  exceedingly  rapid 
development  of  vegetation.  Mr.  Chas.  Camsell,  i  who  has  a 
more  intimate  knowledge  of  the  climate  of  the  Mackenzie  valley 
as  a  whole  than  anyone  else  who  has  written  on  the  subject, 
states  that  "in  general  it  may  be  said  that  any  point  in  the 
Mackenzie  basin  has  a  milder  climate  than  any  corresponding 
point  of  the  same  latitude  in  northern  Manitoba,  Ontario,  or 
Quebec".  The  relatively  warm  summer-climate  of  the  Mac- 
kenzie valley  may  be  ascribed  chiefly  to  its  remoteness  from  the 
chilling  influnce  of  Hudson's  bay  and  to  its  low  average  eleva- 
tion. Most  of  this  great  lowland  is  less  than  500  feet  above  sea 
level,  while  much  of  the  northern  half  of  Alberta  immediately 
south  of  it  lies  2,000  feet  or  more  above  tidewater.  Warm  air- 
currents  from  the  Pacific  may  also  be  a  factor.  Ripe  red  rasp- 
berries were  seen  on  August  7th  at  Bear  mountain,  which  is- 
about  40  miles  from  the  oil-well.  Blueberries  formed  a  por- 
tion of  the  writer's  camp  fare  from  the  first  week  in  August  to 
the  end  of  the  summer.  The  writer  spent  the  latter  part  of 
August  and  the  first  ten  days  of  September,  1919,  in  the  Wrig- 
ley  district.  At  river  level  the  first  frost  came  on  September  1st. 
At  Simpson  the  first  notable  freezing  of  the  season  of  1919 
occurred  on  the  night  of  September  25th. 

Physical  Geography 
Both  the  Peace  and  the  Athabasca  rivers  flow  n  valleys 
deeply  incised  in  the  nearly  horizontal  Cretaceous  shales  and 
sandstones  of  the  Alberta  plateau.  The  traveller  taking  the 
Peace  river  route  to  the  new  oilfield,  passes  for  several  miles 
along  one  stretch  of  the  river  between  deep  canyon-like  walls 
of  sandstone.  In  scenic  beauty  this  canyon  ranks  with 
the  great  canyons  of  the  continent.  The  sharp  turns  of  the 
river,  which  has  cut  its  valley  from  700  to  800  feet  through  the 
sandstone  and  shales,  always  brings  into  view  some  new  and 
striking  combination  of  cliff,  spruce-covered  slope,  and  cloud- 
rimmed  sky.  Further  down,  the  steep  walls  of  the  river  drop 
back  and  leave  a  broad,  nearly  level,  valley  bordering  the  river. 

^Chas.  Camsell   and  W.   Malcolm,    "The  Mackenzie  River  Basin", 
Geol.  Surv.  of  Can.,  Mem.  108,  1919,  p.  43. 
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A  heavy  growth  of  spruce  forest  borders  the  Peace  and 
Slave  rivers  everywhere.  This  forest  extends  northward  to  the 
delta  of  the  Mackenzie.  The  timber,  of  course,  decreases  in 
size  toward  the  north,  but  it  is  everywhere  large  enough  for  use 
as  building  material  for  cabins. 

The  Athabasca  route  enables  one  to  view  the  cliffs  of  tar- 
sands  saturated  with  bitumen  that  for  more  than  100  miles 
rise  abruptly  from  the  banks  of  the  river,  and  also  the  Hudson's 
Bay  Company's  picturesque  old  post  at  Chippewayan,  lake 
Athabasca. 

The  Slave  river.  Great  Slave  lake,  and  the  upper  third  of 
the  Mackenize  river  lie  within  the  limits  of  the  Mackenize  low- 
lands, which  have  an  elevation  of  from  500  to  600  feet  above 
sea  level.  Below  Great  Slave  lake  250  miles,  the  Mackenzie 
river  enters  the  Rocky  mountains.  The  great  river  flows  for 
300  miles  within  the  limits  of  the  eastern  ranges  of  the  Rocky 
mountains  system  which,  near  its  valley,  are  called  the  Mack- 
enzie mountains.  These  ranges  rise  generally  from  1,500  to 
5,000  feet  above  sea  level.  The  ranges  north  of  Great  Bear 
river  trend  in  a  general  northwest-southeast  direction,  about 
parallel  with  the  river,  until  they  break  up  into  a  series  of  short 
ranges  trending  in  an  east-west  direction. 

The  new  oilfield  lies  in  this  extreme  northeastern  corner  of 
the  Rocky  mountains  region,  less  than  a  hundred  miles  south  of 
where  the  ranges  elbow  sharply  toward  the  west. 

The  best  description  that  can  be  given  at  present  of  the 
region  west  of  the  new  oilfield  is  that  of  Service : 

"There's  a  land  where  the  mountains  are  nameless. 
And  the  rivers  all  run  God  knows  where" 

The  traveller  who  sees  for  the  first  time  the  limestone 
scarps  and  cliffs  of  the  Mackenize  mountains  so  near  the  Arctic 
zone  entirely  free  of  snow  in  midsummer,  is  apt  to  be  surprised 
when  he  recalls  the  glaciers  and  permanent  snowfields  which 
are  familiar  features  of  the  same  mountains  many  hundreds  of 
miles  further  south. 

Geology 

Nearly  the  entire  Mackenzie  river  valley  and  the  western 
half  of  Great  Slave  lake  are  carved  out  of  rocks  belonging  to  the 
Devonian  system.  Two  small  basins  of  Cretaceous  rocks  and 
one  Tertiary  basin  are  superimposed  on  the  Devonian  above 
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and  below  Norman.  The  belt  of  outcropping  Devonian  rocks 
continues  to  the  southeastward  from  Great  Slave  lake  basin 
through  the  valleys  of  Slave,  Athabasca,  and  Clearwater  rivers 
into  the  basin  of  the  Churchill,  a  distance  of  about  1,200  miles. 
Throughout  most  of  this  long  zone  of  outcrop  the 
Devonian  rocks  lie  approximately  horizontal,  with  dips  usually 
of  less  than  100  feet  to  the  mile.  North  of  the  great  bend  of  the 
Mackenzie,  however,  for  300  miles,  the  Devonian  rocks  and  the 
underlying  Silurian  dolomites  have  been  crumpled  into  great 
mountain  folds  in  which  anticlinal  and  synclinal  structures  are 
common  feature.  The  new  oil-strike  was  made  in  the  northern 
portion  of  this  mountain,  structure. 

Along  the  Athabasca,  the  black  tar  sands  which  can  be 
moulded  into  balls  like  clay,  doubtless  derived  their  bituminous 
content  from  the  Devonian  series  which  lies  immediately 
below  them.  The  seepage  of  oil  from  the  Devonian  rocks  on 
Great  Slave  lake  was  announced  in  a  report  of  the  Canadian 
Geological  Survey  by  McConnell  30  years  ago.  Along  much  of 
the  Mackenzie  the  oil  product  of  the  Devonian  rocks,  instead 
of  escaping  into  a  sponge-like  sandstone  immediately  above 
them  as  they  appear  to  have  done  along  the  Athabasca,  or  leak- 
ing into  the  surface  waters  as  on  Great  Slave  lake,  are  protect- 
ed by  relatively  impervious  shales. 

The  Devonian  rocks  in  the  oil  district  include  four  fairly 
well  defined  types  of  lithology.  These  are,  starting  at  the  top 
of  the  section,  sandstones  and  shales,  bluish  arenaceous  shales, 
black  bituminous  shales,  limestones. 

The  Oil  creek  well  starts  in  upper  Devonian  shales  and 
sandstones  of  approximately  the  same  age  as  the  oil-bearing 
rocks  of  Bradford,  Pa.  Small  quantities  of  oil  were  struck  in 
the  upper  half  of  the  well  but  the  big  strike  was  made  in  the 
bituminous  shales  at  a  depth  of  783  feet.  The  well  is  situated 
a  short  distance  from  the  foot  of  a  mountain  range,  rising  about 
2,500  feet  above  sea  level,  in  which  the  strata  dip  toward  the 
well  at  angles  of  from  5  to  40  degrees. 

In  point  of  oil  output  the  Devonian  rocks  in  North  Ameri- 
ca bear  much  the  same  relation  to  other  geological  terraines,  (if 
we  except  the  Tertiary)  that  the  Carboniferous  beds  bear  to 
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other  parts  of  the  geological  column  in  the  matter  of  coal  pro- 
duction. In  view  of  the  vast  extent  of  the  Devonian  beds  in 
the  Mackenzie  valley  and  the  success  of  the  first  well  drilled  in 
the  valley,  we  seem  to  be  justified  in  taking  a  very  optimistic 
view  regarding  the  future  oil  development  in  the  Mackenzie 
region. 


NATURAL  GAS  IN  ONTARIO 
By  E.  S.  Estlin 

(Presented  at  a  meeting  of  the  Toronto  Branch,  December,  1920) 

It  seems  rather  strange  that  the  natural-gas  resources  of 
Ontario  are  so  httle  known.  This  was  brought  home  to  me 
very  forcibly  during  a  recent  visit  to  one  of  our  Western 
Provinces,  the  Minister  of  Mines  of  which  informed  me  that  he 
was  not  aware  of  the  occurrence  of  oil  and  gas  in  Ontario, 
and  was  quite  surprised  to  learn  that  I  had  under  my  jurisdic- 
tion in  Ontario,  about  eight  thousand  oil  wells  and  nearly 
four  thousand  gas  wells.  As  a  matter  of  fact,  knowledge 
concerning  the  gas  resources  of  our  province  is,  (outside  of 
the  actual  gas-bearing  areas),  not  much  more  widespread  at 
home  than  abroad.  Doubtless  the  reason  of  this  is  that  there 
has  been  no  systemetic  attempt  to  obtain  reliable  records  of 
the  borings  connected  with  the  search  for  gas  and  oil  dating 
back  to  the  beginning  of  the  industry,  although  some  work 
of  this  character  has  been  done;  and  many  of  our  records  are 
the  result  merely  of  memoranda  given  by  the  drillers.  If  a 
thorough  checking  of  each  well  had  been  made  by  competent 
men  appointed  for  the  purpose  when  the  fields  were  new,  the 
results  would  have  been  invaluable.  Work  would  have  been 
carried  on  with  due  attention  to  structure,  and  enormous 
losses  would  have  been  avoided.  Other  provinces  would  have 
seen  the  wisdom  of  obtaining  records  at  the  only  time  when 
they  were  really  reliable,  that  is,  in  the  early  history  of  the 
wells;  and  in  studying  characteristics  and  conditions  of  the 
rocks,  our  own  records  would  have  helped  the  development 
in  other  provinces  and  our  resources  would  have  become 
better  known. 

The  discovery  of  natural  gas  in  the  southwestern  fields 
of  Ontario  was  closely  associated  with  the  search  for  oil. 
When  the  oil  wells  were  being  drilled,  gas  under  fairly  high 
pressure  was  encountered.  Such  gas  was  allowed  to  escape 
from  the  open  well  until  the  excess  pressure  was  so  reduced 
that  drilling  could  be  resumed.  More  oil  wells  were  drilled 
and  more  gas  encountered,  until  gas  became  the  principal 
product  of  the  wells  and  a  market  for  it  had  to  be  found. 

(81) 
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There  are  two  main  gas-areas  in  Ontario:  one  in  the 
Niagara  peninsula,  chiefly  in  the  counties  of  Welland  and 
Haldimand;  and  the  other,  known  as  the  Tilbury  fields,  in 
Kent  county. 

The  Welland-Haldimand  field  has  been  drawn  upon  for 
about  thirty  years.  Drilling  has  been  extended  in  course  of 
time  to  other  surrounding  counties  and  drilling  is  being  carried 
on  throughout  the  district  at  the  present  time.  In  this  district 
most  of  the  gas  is  obtained  from  the  red  and  white  Medina 
and  from  the  Clinton  at  depths  of  from  700  to  900  feet.  The 
fact  that  the  water  underlying  the  gas  in  this  region  is  incon- 
siderable has  had  a  good  deal  to  do  with  the  long  life  of  the 
field. 

In  the  Tilbury  gas-field,  conditions  are  somewhat  different. 
There  are  four  principal  horizons,  occurring  at  depths  between 
1100  and  1400  feet.  This  field,  moreover,  is  seriously  hampered 
and  threatened  by  the  presence  of  a  heavy  flow  of  salt  water. 

A  third  gas  area,  known  as  the  Dover  field  in  Kent  county, 
is  being  opened  up.  Here  a  limited  amount  of  drilling  has 
revealed  a  good  gas-flow  in  the  Trenton  at  depths  of  from 
3000  to  3500  feet.  These  wells  produce  oil  in  considerable 
quantity  at  still  lower  depths. 

In  referring  to  the  great  usefulness  of  natural  gas  and 
what  it  has  meant  to  Ontario,  it  may  be  mentioned  that  when  I 
first  took  charge  of  the  natural-gas  situation,  under  the  Ontario 
Bureau  of  Mines,  I  made  a  survey  of  the  methods  of  consump- 
tion and  found  natural  gas  was  being  consumed  in  over  six 
hundred  factories.  This  valuable  fuel,  so  vitally  needed  for 
domestic  purposes  in  Ontario,  which  has  no  coal  within  its 
borders,  was  being  consumed  in  factories  in  amounts  ranging 
from  a  few  thousand  to  ten  million  cubic  feet  per  day.  It  can 
be  safely  estimated  that  fifty  billion  cubic  feet  of  gas  was 
consumed  for  different  factory  processes  up  to  the  end  of 
1919;  or,  in  other  words,  performed  work  which  would  neces- 
sitate the  use  of  approximately  two  million  tons  of  coal.  It  has 
been  no  easy  matter  to  remove  this  fuel  from  use  in  the  fac- 
tories in  an  attempt  to  save  the  remnant  for  the  homes,  and 
the  'rationing'  process  had  to  be  carefully  put  in  force  during 
the  war  period  when  the  products  of  these  factories  were  badly 
needed. 
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The  consumption  of  gas  from  the  Niagara  area  has  varied 
but  little  during  the  last  thirteen  years  and  has  ranged  between 
three  and  four  billion  cubic  feet  per  annum.  In  the  Kent 
field,  however,  consumption  has  grown  approximately  as 
follows: 
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This  gives  the  total  output  of  all  the  gas-fields  of  Ontario 
as  approximately  153  billion  cubic  feet  to  the  end  of  1919. 
This  amount  of  gas,  based  on  a  typical  rate  of  20  cents  per 
1000  cubic  feet,  would  cost  $31,000,000  to  the  people  who 
used  it.  The  equivalent  of  this  amount  of  gas  in  tons  of  coal, 
worked  out  on  a  liberal  basis  of  24,000  cu.  ft.  per  ton  of  coal 
would  be  something  over  six  million  tons  which,  at  $7  per  ton, 
would  have  cost  the  gas  consumers  about  $45,000,000.  These 
figures  are  based  upon  fourteen  years'  consumption  and  represent 
a  saving  to  the  gas  users  of  this  province  of  $1,000,000  per 
annum.  It  is  regrettable  to  note,  in  connection  with  the  use 
of  this  valuable  fuel,  that  reliable  authorities  computing 
averages  from  the  gas  areas  in  the  United  States,  claim  that, 
considering  the  opportunities  for  waste  and  misuse  between 
the  well  and  the  burner,  80%  of  all  the  natural  gas  has  been 
wasted. 

On  this  head  let  me  say  that  experience  has  demonstrated 
beyond  a  doubt  that  there  is  only  one  effective  means  of 
compelling  an  economical  use  of  natural  gas  by  the  consumer 
and  that  is  by  putting  an  adequate  money  value  on  it.  It  may 
be  asserted  that  less  than  one  per  cent  of  the  present  consumers 
know  how  to  apply  natural-gas  heat,  and  the  time  has  come 
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when  some  effective  methods  should  be  adopted  for  teaching 
people  to  obtain  better  results. 

The  question  of  seeking  new  sources  from  which  to  add 
to  the  fast-diminishing  output  of  the  present  fields  is  receiving 
much  attention.  Geographically  the  known  gas-bearing  areas 
are  not  favourably  situated  for  very  extensive  expansion,  as 
they  lie  between  Lakes  Ontario,  Erie,  St.  Clair,  and  Huron, 
on  a  comparatively  narrow  strip  of  land.  Much  of  this  ter- 
ritory has  been  fairly  well  investigated  by  drilling  as  far  as 
the  upper  limestones  are  concerned,  but  there  is  room  yet 
for  considerable  exploration.  The  operators,  however,  regard 
it  as  'punching  more  holes  in  the  colander'  if  it  is  suggested 
to  them  that  they  drill  in  the  vicinity  of  leases  on  which  holes 
have  already  been  drilled.  But  there  are  possibilities  in  the 
Trenton,  which  is  found  throughout  this  area  at  a  depth  of 
about  2900  feet.  Drilling  in  the  Trenton  in  the  Niagara 
peninsula  has,  so  far,  however,  not  proved  productive,  and 
it  must  be  admitted  that  scarcely  enough  drilling  in  this 
formation  has  been  done  anywhere  in  Ontario  to  indicate 
clearly  its  gas-bearing  possibilities.  During  the  last  few 
years  the  cost  of  deep  drilling  has  been  so  great  that  such 
work  cannot  now  be  lightly  undertaken. 

The  search  for  natural  gas  and  oil  has  been  the  means  of 
putting  within  our  reach  knowledge  of  underground  conditions 
that  could  never  have  been  obtained  otherwise.  Geologists 
have  traced,  with  marvellous  acumen,  the  general  character- 
istics of  the  sedimentary  formations  and  their  extent,  as 
indicated  by  the  exposures  and  sections  wherever  visible,  and 
the  amplification  of  this  work  has  been  undertaken  by  the 
driller.  The  drill  of  the  oil  and  gas  operator  is  to  the  geologist 
what  the  X-ray  is  to  the  surgeon. 

Is  it  not  a  matter  for  comment  that,  in  a  province  with 
such  a  well-known  profusion  of  valuable  resources,  the  one 
great  essential,  as  far  as  we  know  at  the  present  time,  has 
been  overlooked  by  Nature?  I  refer  to  coal.  But  Nature 
can  always  be  depended  upon  to  make  good  a  deficiency  by 
providing  a  substitute.  Beneath  our  feet  are  the  possibilities 
of  the  porous  limestone  beds  in  which  Nature  has  stored  up, 
against  the  need  of  man,  immense  volumes  of  the  finest  fuel 
known  to  science.    A  plea  is  made  to  the  thoughtless  to  use 
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carefully  and  intelligently  a  gift  like  this  and  not  to  abuse  it 
by  wasteful  methods. 

We  have  learned  many  things  about  natural  gas  and  its 
ways  during  the  comparatively  few  years  that  it  has  been  in 
general  use  as  a  fuel,  but  we  can  only  guess  as  to  its  origin  — 
that  is  a  secret  locked  up  in  the  heart  of  nature  herself.  We 
have  narrowed  the  problem  down  to  the  migrating  propensities 
of  gas  and  its  storage  in  known  porous  formations.  We  know 
definitely  that  a  gas  well  begins  to  die  as  soon  as  it  is  born. 
We  have  traced  its  occurrence  to  certain  favourable  localities, 
and  while  we  have  been  following  up  the  problem,  we  have 
perhaps  thrown  some  light  upon  other  unsolved  problems, 
all  helpful  to  the  great  science  of  geology. 
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THE  ORE-DEPOSITS  OF  BRITISH  COLUMBIA 
By  Stuart  J.  Schofield 

(Annual  General  Meeting,  British  Columbian   Division,  Vancouver.  February,  1921) 

The  investigation  of  the  geology  and  ore-deposits  of 
British  Columbia  by  the  Geological  Survey  of  Canada  now 
extends  over  a  period  of  half  a  century;  and  the  purpose  of 
this  paper  is  to  examine  the  results  of  these  researches  and 
from  the  facts  that  have  thus  been  made  available, 
to  endeavour  to  arrive  at  certain  generalized  conclusions. 

Geological  investigation  in  British  Columbia  may  be 
divided  into  two  main  periods. 

The  first  of  these,  the  'Exploratory  Period',  from  1871  to 
1905,  was  made  famous  by  the  explorations  of  Richardson, 
Selwyn,  Dawson,  McConnell,  Bauerman,  and  ^several  others 
who  outlined  the  general  features  of  the  mineral  belts  of 
British  Columbia.  Upon  this  foundation  all  the  later  workers 
have  built.  During  this  period  the  coalfields  of  British 
Colimibia  were  outlined,  and  the  quality  of  the  various  seams 
carefully  investigated  as  to  their  commercial  utility. 
It  is  due  also  to  the  intelligence  of  these  pioneer  geologists 
that  the  great  mineral  belts  that  parallel  the  two  flanks  of  the 
Coast  Range,  and  of  those  which  surround  the  batholiths  of 
West  Kootenay  and  occur  in  the  interior  plateaus,  are  now 
known  to  be  accurately  defined  and  their  future  value  predicted. 
Since  the  early  days  of  geological  investigation  in  these  areas 
a  great  mining  industry  has  developed,  and  the  number  of 
meritorious  prospects  that  have  been  found  warrant  the 
statement  that  the  industry  will  continue  to  expand  at  a  con- 
stantly increasing  rate. 

In  referring  to  the  mineral  belts  of  British  Columbia  it 
is  usual  to  use  a  cumbersome  phraseology,  and,  in  order  to 
obviate  this,  I  have  attached  special  names  to  them.  There 
are  two  main  mineral  belts  in  British  Columbia,  separated 
from  each  other  by  an  elongated  and  curved  area  of  granite 
batholiths  belonging  mainly  to  the  early  part  of  the  Mesozoic 
era.    This  mass  includes  the  Coast  Range  batholiths  and  the 
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majority  of  the  batholiths  occurring  in  the  southern  part  of 
British  Columbia.  The  mineral  belt  which  follows  along  the 
Pacific  coast,  including  the  island  fringe  on  the  western  side 
of  the  coast  range  batholith,  may  be  called  the  Pacific  Belt; 
that  along  the  eastern  side  of  the  same  batholith,  the  Interior 
Belt.  It  will  be  remarked  that  the  two  belts  are  contrasted 
not  only  in  position  but  in  the  mineralogical  composition  of 
their  ore-bodies.  The  ore-deposits  of  the  Pacific  Belt  are 
sought  mainly  for  their  copper  content;  those  of  the  Interior 
Belt,  mainly  for  their  silver-lead  content.  It  is  only  necessary 
to  mention  the  ore-deposits  of  Anyox,  Quatsino  sound,  Sunloch, 
Marble  bay,  and  Britannia,  of  the  Pacific  Belt,  and  Salmon 
river,  Bear  river,  Alice  arm,  Hazelton,  (the  Roche  de  Boule 
ore-deposit  is  an  exception),  and  the  deposits  in  the  Ootsa  lake 
and  Whitesail  lake  areas,  of  the  Interior  Belt,  to  demonstrate 
the  truth  of  the  above  statement.  The  Pacific  and  Interior 
mineral  belts  strike  in  a  north-westerly  direction,  parallel  to 
the  Coast,  but  in  the  neighborhood  of  Vancouver  they  turn 
in  an  eastly  direction,  conforming  in  general  with  the  contact 
of  the  batholiths  of  the  southern  part  of  British  Columbia. 
In  order  to  avoid  confusion,  I  suggest  that  the  northerly  belt 
be  called  the  Kootenay  Belt,  and  the  southern  one  the  Boundary 
Belt.  The  metal  characteristic  of  the  Pacific  Belt  continues 
to  predominate  in  the  easterly  extension  of  this  belt,  the 
Boundary  Belt;  and  the  same  statement  holds  true  for  the 
Interior  Belt  in  its  easterly  extension,  the  Kootenay  Belt. 
The  two  belts  gradually  merge  into  one  in  the  area  bordering 
the  southern  part  of  Kootenay  lake.  The  Boundary  Belt 
includes  Highland  valley.  Copper  mountain.  Phoenix,  Dead- 
wood  and  Rossland;  the  Kootenay  Belt  embraces  Ainsworth, 
East  Kootenay  (Sullivan,  North  Star,  St.  Eugene  mines), 
Slocan,  Lardeau,  Revelstoke,  and  Stump  lake  mineralized 
areas. 

The  reason  for  the  appearance  of  ores  of  copper  on  one 
border,  and  of  silver-lead  ores  on  the  opposite  border,  of  this 
great  complex  of  igneous  intrusions,  is  not  at  once  apparent. 
A  fact  may  throw  some  light  on  the  subject  is  that  the  copper 
ore-deposits  are  not  confined  to  true  fissure  veins,  but  resemble 
impregnations  of  the  country  rock  by  minerals  such  as  pyrite, 
pyrrhotite,  and  chalcopyrite — minerals  which  indicate  conditions 
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of  high  temperature  and  pressure,  and  even  an  approach  to 
the  conditions  of  contact  deposits.  The  silver-lead  deposits 
on  the  other  hand,  are  usually,  though  not  always  associated 
with  fissure  veins  filled  under  conditions  of  a  moderate  tem- 
perature and  pressure,  and  characterized  by  the  presence  of 
such  minerals  as  galena,  zincblende,  and  tetrahedrite,  with  a 
gangue  of  siderite  and  calcite.  Where  the  Boundary  Belt  and 
the  Kootenay  Belt  merge  into  each  other,  minerals  such 
as  garnet,  hornblende,  and  pyrrhotite  occur  in  the  deposits 
of  the  Kootenay  Belt,  as,  for  example  in  the  Sullivan, 
St.  Eugene,  and  Bluebell  mines.  In  the  Slocan  and  Ainsworth 
districts  of  the  Kootenay  Belt,  high  temperature  minerals  are 
less  abundant  in  the  ore-bodies  remote  from  the  contact  of 
the  roof  rocks  than  in  those  which  occur  close  to  the 
contact  and  deep  down  in  the  roof  rocks.  The  roof  rocks 
in  the  Pacific  and  Boundary  belts  have  been  largely  eroded 
away,  but  in  part  they  are  buried  under  the  sea,  so  that  the 
deeper  contact  zone,  (that  is,  one  of  high  temperature  and 
pressure  at  the  time  of  formation),  is  now  exposed;  and  since 
the  copper  mineral,  chalcopyrite,  favours  such  a  zone,  copper 
deposits  are  prevalent  along  the  Pacific  and  Boundary  Belts. 
In  the  Interior  and  Kootenay  Belts,  the  roof  rocks  still  ride 
high  towards  the  old  batholithic  roof,  and  since  these  rocks 
were  subject  to  less  intense  temperature  and  pressure  than 
were  those  close  to  the  contact,  and  since  silver-lead  minerals 
favour  such  a  zone  of  deposition,  silver-lead  deposits  are 
now  found  in  the  fissures  which  occur  in  the  roof  rocks 
at  some  distance  from  their  contact  with  the  intrusive  batho- 
lith.  A  necessary  conclusion  is  that  the  roof  rocks  of  the 
Pacific  Belt,  with  their  veins  containing  silver-lead  minerals, 
have  been  eroded  away  or  buried  under  the  sea,  and  that  in 
the  Interior  Belt  copper  ores  should  be  found  where  erosion 
has  opened  up  the  deeply  buried  contact  rocks.  The  ore- 
bodies  of  the  Roche  de  Boule,  which  were  mentioned  above  as 
an  exception  to  the  rule  that  the  Interior  Belt  is  characterized 
by  the  occurrence  of  silver  -lead  minerals,  occur  in  a  granite 
mass  which  protrudes  through  the  overlying  roof  rocks. 

The  second  great  period  of  investigation  referred  to  at  the 
beginning  of  this  paper  may  be  called:  The  Period  of  Intensive 
Study  of  the  above-mentioned  mineral  belts.    This  period  has 
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occupied  the  years  from  1905  to  the  present,  and  was  initiated 
by  Dr.  R.  W.  Brock,  of  the  University  of  British  Columbia, 
at  the  time  he  was  Deputy-Minister  of  Mines  at  Ottawa. 
The  problem  to  which  chief  attention  was  devoted  consisted  in 
determining  the  cause  of  the  localization  of  ore-shoots  in  these 
mineralized  belts — a  consideration  of  direct  economic  interest. 
The  results  of  the  investigations  are  of  great  importance. 

In  general,  the  ore-deposits  of  British  Columbia  are  of 
primary  origin,  that  is,  they  have  not  suffered  enrichment  to 
any  great  extent.  This  is  in  marked  contrast  to  the  majority 
of  the  ore-deposits  of  the  western  United  States,  especially 
those  of  the  desert  regions  of  Wyoming,  Utah,  Nevada,  Arizona, 
and  Texas.  There  are  however  some  exceptions  to  the  rule. 
The  native  silver  occurrences  of  the  Salmon  river  and  Alice 
arm  districts  have  certain  structural  characteristics  that  point 
to  the  presence  of  a  zone  of  secondary  enrichment.  The 
native  silver  that  occurs  in  the  upper  workings  of  the  ore- 
deposits  at  Ainsworth  is,  I  think,  also  due  to  secondary  pro- 
cesses. 

In  Canada  the  localization  of  ore-shoots  of  commercial 
importance  is,  in  the  main,  due  to  two  features,  whose  study 
has  been  neglected  to  a  large  extent  in  the  actual  process  of 
looking  for  new  ore-bodies  and  in  the  development  of  those 
already  known.     These  features  are: 

I.  Chemical   and   Physical   properties   of  the   rocks, 
a  study  belonging  to  that  branch  of  geology  known  as  petrology. 

II.  Structures,    that    is    folding    and    faulting,  which 
belong  to  the  field  of  structural  geology. 

I.   Petrology 

The  most  favourable  rocks  for  the  location  of  ore-shoots 
in  commercial  quantities  might  be  listed,  in  order  of  importance, 
somewhat  as  follows: 
(1).     Limestones: 

Bluebell,    Florence,    Silver-Hoard,    No.    1,    Krao, 
Skyline,  Cork  Province,  Monarch,  Deadwood,  Phoe- 
nix, Hedley,  Marble  Bay,  Quatsino  Sound. 
(2).     Granite  family.     (Monzonite,    grano-diorite.) : 

Roche  de  Boule,  Molly  Gibson,  Rossland  (some  ore 
shoots).  Copper  Mountain,  Emma. 
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(3).     Diorite-gahhro  family  : 

Britannia. . .  .quartz  porphyry  (now  chlorite  schist) 

Anyox diorite  porphyry 

Tyee quartz  porphyry  (now  sericite  schist) 

Sunloch gabbro 

Rossland diorite  and  augite  porphyrite  (some  ore 

shoots). 

Premier quartz  porphyry  (some  ore-shoots). 

Silver-King . .  diorite  porphyry  and  quartz  porphyry. 

(4).     Volcanic  Tuff: 

Highland  mine,  Dolly  Varden,  Premier  (some  ore- 
shoots),  Silver  Standard,  Florence  (some  ore-shoots) . 

(5).     Quartzites : 

Sullivan,  St.  Eugene,  North  Star,  Society  Girl,  Spo- 
kane Trinket, 

(6).     Slates: 

Slocan  Star  (Silver  Standard),  Standard,  Richmond 
Eureka,  Rambler-Cariboo,  Whitewater,  Lucky  Jim, 
Surprise,  Van  Roi,  Noble  Five,  etc. 

From  this  brief  review  of  the  ore-deposits,  it  can  be  seen 
that  the  favourite  associated  rocks  are  stratified  or  bedded 
types,  such  as  limestones,  shales,  quartzites,  and  tuffs,  although 
the  commercial  value  of  the  ores  derived  from  these  rocks 
may  not  equal  that  derived  from  the  intrusive  or  igneous  types. 
The  ore-shoots  conform,  in  great  measure,  to  the  long  recog- 
nized rule  that  copper  ores  favour  the  basic  igneous  rocks; 
although  there  are  many  known  exceptions  to  this  rule  espe- 
cially among  the  secondary  or  porphyry  copper  ores  of  the 
United  States.  Another,  and  a  most  striking  feature  is  the 
small  number  of  rock  types  that  contain  valuable  ore-shoots. 
As  shown  above  these  types  are  limestone,  slate,  quartzite, 
tuffs,  granite  family,  and  diorite-gabbro  family.  These  are 
very  common  rocks,  and  every  mining  engineer  and  prospector 
should  bear  this  in  mind  when  examining  any  district  within 
the  above-mentioned  mineral  belts.  Where  are  the  alkaline 
rocks,  and  the  rare  dyke  rocks,  whose  names  make  up  about 
ninety  per  cent  of  our  rock  classifications  ?  I  do  not  wish  to 
convey  the  impression  that  no  commercial  ores  will  be  found 
in  rock  types  other  than  the  above;  but  the  results  of  invest- 
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igations  by  many  geologists,   covering  a  period  of  twenty 
years,  clearly  indicate  where  the  greatest  possibilities  lie. 


II.  Influence  of  Structures 

The  influence  of  folds  and  faults  upon  the  localization  of  ore- 
shoots  is  not  so  clearly  defined,  nor  so  evident.  Minor  struc- 
tures which  influence  ore-deposition  occur  in  nearly  all  ore-de- 
posits, although  the  influence  of  rock  type  may  be  the  predom- 
inant one. 

The  most  pronounced  effect  of  major  structures  on  ore- 
deposition  that  has  come  to  light  in  British  Columbia  is  ex- 
hibited in  the  Britannia  mine.  Here  the  commercial  ore-bodies 
are  restricted  to  large  steeply  dipping  folds,  of  which,  up  to  the 
present,  two  have  been  discovered.  The  folds  occur  in  shear- 
ed quartz  porphyry,  and  the  folding  caused  incipient  or  poten- 
tial openings  on  the  axes  of  the  folds,  furnishing  a  favourable 
channel  for  the  ore-bearing  solutions.  The  recognition  of  this 
association  of  folds  and  ore-bodies  in  the  structural  geology  of 
the  district  p  oved  of  great  value  in  the  exploration  of  the  pro- 
perty. In  this  case,  the  fact  that  the  large  ore-shoots  are  re- 
stricted to  the  quartz  porphyry  must  not  be  overlooked,  and 
hence,  in  the  Britannia  mine  there  is  a  combination  of  the  twa 
factors  to  be  considered:  the  influence  of  the  nature  of  the 
host  rock  as  well  as  the  influence  of  structure. 

Another  illustration  of  the  eff^ect  of  structure  on  the  lo- 
cation of  ore-shoots  is  seen  in  the  old  Tyee  mine  on  Vancouver 
Island,  where  the  ore  occurs  in  the  southern  limb  of  a  closed 
syncline  formed  of  schists  derived  from  the  metamorphism 
of  the  Sicker  sediments  and  Tyee  quartz  porphyry.^  The 
circulation  of  the  ore-bearing  solutions  was  doubtless  con- 
trolled largely  by  the  schistose  zone  and  confining  walls  of  the 
Sicker  porphyry,  and  partly  by  the  pitching  synclinal  troughs, 
in  one  of  which  the  ore-body  was  formed,  largely  by  replace 
ment 

We  must  not  pass  from  the  subject  of  structural  geology 
without  dealing  with  faulting.  It  has  been  noted  by  O'Neill, 
by  the  writer,  and  by  others,  that  the  high  grade  silver  ores 

*C.  H.  Clapp,  Geol.  Surv.  Can.,  Mem.  96,  1917,  p.  389. 
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of  northern  British  Columbia  are  associated  with  cross  fractures 
which  in  most  cases  are  faults  having  considerable  throw.  They 
divide  the  mineral  zone  into  blocks  which  have  moved  relatively 
to  one  another.  Along  these  fractures,  which  controlled  the 
location  of  the  descending  solutions,  native  silver  has  been 
deposited  as  a  secondary  enrichment.  The  presence  of  these 
fault  fissures  is  hence  highly  important  from  a  mining  point  of 
view. 

Metallogenic  Epochs  in  British  Columbia 

Throughout  the  above  discussion  attention  has  been  con- 
fined to  the  influence  of  the  host  rocks  and  their  structure 
in  the  localization  of  ore  shoots.  There  remains  to  be  consider- 
ed the  source  of  the  solutions  from  which  the  ore  itself  was  depo- 
sited either  in  bodies  of  commercial  importance  or  in  small 
disseminated  bodies  of  no  commercial  value  at  the  present 
time. 

In  a  paper  ^  presented  at  the  Annual  General  Meeting 
of  the  Institute  in  1918,  I  drew  attention  to  the  fact  that  the 
evidence  collected  by  many  observers,  over  a  period  of  twenty 
years,  all  pointed  to  the  ore-deposits  of  British  Columbia 
having  been  formed  from  solutions  derived  from  the  grano- 
diorite  intrusions  of  Mesozoic  age,  or,  to  be  more  exact,  of 
probably,  upper  Jurassic  age.  The  result  of  later  work  has 
supported  this  view  in  every  case  except  one,  namely,  that 
of  the  Sunloch  property  on  Vancouver  Island,  whose  ores  are 
associated  with  the  Sooke  gabbro  of  Tertiary  age.  The  Ju- 
rassic intrusions  compose  the  Coast  Range  batholith  and  the 
majority  of  the  granite  intrusions  of  the  Kootenays  and  of 
the  Interior  Plateau. 

The  value  of  this  generalization  is  evident,  since  it  explains 
why  the  great  mineral  belts  of  British  Columbia  are  distributed 
in  certain  well  defined  regions.  It  also  shows  the  value  of 
grouping  igneous  intrusions  according  to  age,  a  system  that  has 
been  followed  as  far  as  possible  in  constructing  the  various 
geological  maps  issued  by  the  Geological  Survey. 

In  this  connection  it  may  be  of  interest  to  examine  the 
geological  history  of  British  Columbia  in  order  to  mark  those 

2  Trans.  C.M.I.,  Vol.  XXI,  1918,  pp.  422-427. 
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epochs  during  which  mineralization  took  place.  The  following 
is  a  synopsis  of  the  different  geological  periods  represented  in 
British  Columbia,  and  shows  the  periods  of  mineralization: 


A.  DEPOSITS  dependent  UPON  THE  ERUPTION  OF  IGNEOUS  ROCKS 


Period 

Ore 

Locality 

Recent 

Pleistocene 

Pliocene 

Mercury 

Kamloops,  etc. 

Miocene 

Copper 

Boundary  district 

Oligocene 

Copper 

Sunlock  property. 

Eocene 

Lead 

Monarch  mine,Field. 

Cretaceous 

Jurassic 

Copper 

Anyox,  Britannia,  Marble- 
Bay,  Copper  Moun- 
tain, Rossland,  etc 

vSilver  lead 

Salmon  Arm,  Alice  Arm, 
Hazelton,  Monarch 
mine,  Lardeau,  Slo- 
can,  Ainsworth, 
East  Kootenay,  etc. 

Gold 

Bridge  River,  Coqui- 
halla,    etc. 

Iron  (magnetite) 

Vancouver  Island, 
Coast,  etc. 

Platinum 

Tulameen. 

Diamonds 

Tulameen. 

Carboniferous 

Devonian 

Silurian 

Ordovician 

Cambrian 

Beltian 

Copper 

East  Kootenay 

Shuswap 
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B 

Period 


deposits  produced    by  mechanical    and  chemical 
processes  of  concentration. 


Recent 


Pleistocene 
Pliocene 


Miocene 

Oligocene. 

Eocene. 

Cretaceous. 

Jurassic. 

Triassic. 

Carboniferous. 

Devonian. 

Silurian. 

Ordovician. 

Cambrian. 

Belfan. 

Shuswap 


Ore 

Iron  (limonite) 

Hydro-magnesite 

deposits. 
Epsomite  deposits 
Placer  gold, 


Placer  platinum. 
Manganese  (wad) 

Silver  (secondary). 


Placer  gold, 
Copper  (secondary) 


Locality 

Taseko  lake,  Skeena    river^ 

Squamish. 
Interior  Plateau. 

Interior  Plateau. 
Cariboo,  Fraser,  North 

Thompson,  East  Koote- 

nay,  etc. 
Tulamen, 
Kaslo. 

Alice  Arm,  Salmon  river, 
East  Kootenay,  Slocan, 
Beaverdell,  Ainsworth, 
Boundary,  etc, 

Cariboo,  Athn,  etc. 


Boundary  district 


Iron  (hematite). 


East  Kootenay 


Pre-Camhrian.  The  oldest  traces  of  mineralization  in 
British  Columbia  occur  in  East  Kootenay,  where  the  country- 
is  tmderlain  to  a  large  extent  by  quartzites  of  pre-Cambrian 
age.  Intruded  parallel  to  the  bedding  planes  of  the  quartzites 
are  numerous  sills  of  gabbro  which  contain  segregations  of 
more  quartzose  material  carrying  chalcopyrite.  As  these 
sills  are  related  to  the  Purcell  lava  of  pre-Cambrian  age, 
and  as  the  ore  occurs  only  in  the  sills,  it  is  concluded  that  the 
mineralization  is  of  pre-Cambrian  age.  The  strong  resem- 
blance, not  only  in  age  and  ILthology,  but  also  in  the  structure 
of  these  sills  to  those  of  Sudbury  and  Cobalt  is  interesting. 
Traces  of  cobalt  and  nickel  have  been  found  also  in  the  Purcell 
sills  of  East  Kootenay. 

Jurassic.  A  long  period  of  time  intervenes  between  the 
pre-Cambrian  and  the  Jurassic,  comprehending  in  fact  the 
whole   of   the   Palaeozoic    and    the    Triassic.    Nevertheless, 
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no  primary  ore-deposits  are  associated  with  rocks  of  any  of 
the  intervening  periods,  and  it  is  not  until  the  closing  stages 
of  the  Jurassic  itself  that  mineralization  is  again  recorded;  and 
then,  as  if  to  make  up  for  lost  time,  there  was  a  most  lavish  for- 
mation of  ore-deposits.  It  is  only  necessary  to  pass  in  review  the 
producing  mines  of  British  Columbia  to  see  that  they  pro- 
bably are  all  linked  with  the  closing  stages  of  the  intrusion  of 
the  igneous  rocks  of  the  Jurassic  period,  which  gave  us  the 
Coast  Range  batholith  and  most  of  the  batholiths  of  the 
Interior  of  British  Columbia.  These  mines  are  those  of 
Anyox,  Marble  bay,  Tyee,  Britannia,  Coquahalla,  Copper 
mountain,  Nickel  Plate,  Deadwood,  Phoenix,  Rossland,  East 
Kootenay,  Ainsworth,  Slocan,  Lardeau,  Bridge  river,  Hazelton, 
Alice  arm  and  Salmon  river,  to  say  nothing  of  a  vast  number 
of  prospects. 

OUgocene.  The  next  period  of  mineralization  is  that  of 
the  Oligocene  of  the  Tertiary.  As  far  as  our  present  knowledge 
goes,  the  one  deposit  belonging  without  any  doubt  to  this 
period  is  that  of  the  Sunloch  on  Vancouver  Island,  which 
mining  men  say  will  soon  be  a  producing  copper  property 
on  a  large  scale.  The  ore  occurs  in  a  shear  zone  in  gabbro 
of  Oligocene  age. 

Pliocene.  The  exact  age  of  the  mercury  deposits  which 
occur  in  several  localities  throughout  British  Columbia  is 
doubtful,  but  all  observers  assign  them  to  the  Tertiary.  Accord- 
ing to  Camsell,  those  in  the  Kamloops  district  are  associated 
with  late  Tertiary  lavas;  in  fact  some  deposits  occur  in  late 
Miocene  lavas  which  had  been  faulted  and  brecciated.  Dol- 
mage,  who  studied  the  deposits  on  the  western  coast  of  Van- 
couver Island,  places  them  on  indirect  evidence,  in  late  Tertiary. 

Deposits  Produced  by  Mechanical  and  Chemical 
Processes  of  Concentration 

The  separation  of  these  two  groups  of  deposits  is  tho- 
roughly grounded  on  the  basis  of  genesis.  The  first  group, 
formed  during  the  periods  of  igneous  intrusion,  are  the  sources 
from  which  the  second  group  of  deposits  have  originated  by 
the  concentration  of  certain  minerals  by  the  agencies  of  wea- 
thering, erosion,  and  deposition,  either  mechanically  or  from 
solution. 
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Pre-Cambrian.  The  oldest  mineralization  of  this  type 
so  far  discovered  in  British  Columbia  is  seen  in  the  bedded 
iron  ore-deposits  in  the  Purcell  series  of  pre-Cambrian  age 
near  Kitchener,  and  near  Bull  river  in  the  Rocky  Mountains. 
They  consist  of  layers  or  strata  of  hematite  interbedded  with 
the  argillaceous  quartzites.  These  layers  are  believed  to  be 
of  sedimentary  origin,  and  to  be  derived  from  the  weathering 
of  a  still  older  pre-Cambrian  terrane  which  furnished  the  iron, 
probably  as  limonite,  the  process  being  similar  to  that  by 
which  limonite  is  being  formed  to-day  in  lakes  in  the  Province 
of  Quebec.  The  limonite  was  later  changed  to  hematite  by 
pressure. 

Pliocene.  The  pre-glacial  gravels  of  the  Cariboo  are 
assigned  to  this  period.  Most  of  the  gold  from  the  Cariboo 
was  mined  from  these  gravels,  which  were  derived  by  processes 
of  erosion  from  the  underlying  bedrock  and  which  contained 
stringers  of  gold-bearing  quartz.  The  gold-bearing  gravels 
are  pre-glacial  and  probably  Pliocene,  a  period  represented 
in  British  Columbia  by  great  erosion. 

Recent.  The  recent  mineral  deposits  include  those  that 
have  been  formed  since  the  withdrawal  of  the  ice  in  the 
Pleistocene  period.  In  fact  several  of  the  deposits  mentioned 
below  are  in  process  of  formation  at  this  very  monent. 

Placer  Gold.  The  gold-bearing  gravels  and  sands  that 
occur  along  nearly  every  river  in  British  Columbia,  especially 
along  the  Fraser,  North  Thompson,  the  rivers  of  the  Cariboo, 
Atlin,  East  Kootenay  districts,  etc.,  are  post-Pleistocene  in  age. 
It  is  very  probable,  according  to  many  observers,  that  these 
gravels  have  been  derived  from  pre-glacials  gravels  of  Pliocene 
age  which  have  been  re-arranged  by  the  post-glacial  streams. 

Hydrom  eigne  site  and  Epsomite  Deposits.  These  deposits 
occur  in  basin-shaped  depressions  in  the  glacial  drift  in  the 
Cariboo  district,  and  also  near  the  International  boundary  in 
southern  British  Columbia.  The  materials  are  dissolved  from 
the  surrounding  rocks,  carried  by  underground  channels  to 
the  basins,  and  there  deposited  by  evaporation. 

Sodium  Carbonate.  This  material  occurs  in  saline  lakes 
in  the  neighborhood  of  Clinton,  B.C.  These  lakes  are  presum- 
ed by  Reinecke  ^   to  be  fed   from  underground  springs,  and 

3  Reinecke,  L.,  Geol.  Surv.  Can.,  Mem.  118,  1920,  p.  63. 
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the  soda  is  believed  to  be  derived  from  hot  waters  ascending 
from  below  and  connected  with  the  volcanic  activity  that 
caused  the  extrusion  of  the  Tertiary  basalts. 

Iron  Ores.  The  iron  ores  of  this  period  are  limonitic 
in  character  and  occur  as  surface  deposits.  Typical  examples 
are  the  limonites  of  Taseko  lake,  Skeena  river,  and  Squamish.  * 
These  ores  have  been  derived  from  the  surrounding  rocks  by 
weathering,  and  deposited  on  the  hillsides.  Most  of  the 
deposits  are  in  active  formation  to-day. 

Secondary  Enrichment 

Secondary  enrichment  is  the  term  generally  used  to 
express  the  idea  that  certain  ore-bodies  have  been  enriched  by 
the  deposition  of  minerals  which  have  been  dissolved  from  the 
zone  of  oxidation  and  deposited  by  descending  solutions 
either  above  or  below  the  ground  water  level.  Although  in 
British  Columbia  the  process  is  wide-spread,  and  has  been 
recorded  by  many  investigators,  it  has  only  recently  attracted 
special  attention  by  the  occurrence  of  native  silver  in  the 
Salmon  river  and  Alice  arm  mining  camps.  The  study  of 
secondary  enrichment  processes  has  been  largely  developed 
in  the  United  States,  where,  especially  in  the  desert  regions 
of  Arizona,  Texas,  New  Mexico,  Utah,  Wyoming,  Nevada, 
California,  and  several  other  states,  secondary  enrichment 
has  resulted  in  the  formation  of  bonanzas  from  originally  low 
grade  primary  ores. 

The  first  geologist  to  describe  secondary  enrichment  in 
British  Columbia  was  R.  W.  Brock,  who,  in  1901,  observed  the 
results  of  such  action  in  the  Boundary  district,  at  the  King 
Solomon  and  Copper  Camp,  where  the  oxidized,  enriched,  and 
primary,  ore  zones  are  clearly  defined.  Since  that  date, 
LeRoy  has  noted  it  at  the  Hewitt  mine  in  the  Slocan,  Reinecke 
in  Beaverdell,  Drysdale  at  Ymir,  O'Neill  in  the  Salmon  river, 
and  the  writer  at  the  North  Star  and  Society  Girl  mines  in 
the  East  Kootenay  and  on  several  properties  at  Ainsworth. 
It  is  also  very  probable  that  the  native  silver  at  Alice  arm  is 
of  secondary  origin.  In  the  descriptions  of  these  occurrences, 
it  is  remarked  how  frequently  these  enriched  ore-shoots  are 

*  Mackenzie,  T.  O.,  Geol.  Surv.  Can,,  Sum.  Rep.,  1915. 
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associated  with  cross- fractures  or  faults,  which  cut  or  displace 
the  original  ore-bodies.  Descending  solutions,  following  down 
these  fractures  have  dissolved  the  copper  and  silver  from  the 
zone  above  the  ground  water  level  and  deposited  it  in  the 
vein  below.  In  most  of  these  veins  in  British  Columbia  the 
oxidized,  and  some  of  the  enriched,  portions  have  been  eroded 
away,  leaving  us  the  roots  of  the  zones  of  secondary  enrichment. 
Age  of  Secondary  Enrichment.  Enrichment  by  descending 
solutions  is  favored  by  rapid  erosion  in  a  rising  country,  these 
conditions  bringing  new  horizons  into  the  zone  of  oxidation 
and  erosion,  and  at  the  same  time  lowering  the  ground-water 
level,  below  which  enrichment  is  produced  under  its  most  fa- 
vourable conditions.  In  reviewing  the  geological  history 
of  British  Columbia,  we  find  that  the  Miocene  and  Pliocene 
were  periods  of  prolonged  erosion  interrupted  by  intervals  of 
slow  uplift,  so  that  secondary  enrichment  was  possible  during 
these  periods.  Glaciation  in  the  Pleistocene  very  probably 
removed  the  oxidized  zones,  as  well  as  some  of  the  zones  of 
secondary  enrichment,  giving  us  the  conditions  we  have  to-day. 
The  greatest  depth  at  which  secondary  enrichment  is  reported 
is  about  500  feet  below  the  surface. 


THE  FLIN  FLON  ORE-BODY 
By  RoBT.  C.  Wallace. 

(Western  General  Meeting,  Winnipeg,  Oct.  1920.) 

The  Flin  Flon  ore-body  is  situated  at  the  southeast  end 
ot  Flin  Flon  lake,  which  drains  through  a  series  of  lakes 
into  the  Saskatchewan  River.  The  ore-body  lies  in  Township 
67,  Ranges  29  and  30  West;  (approximate  latitude  54°  45'and 
approx.  longitude  101°  55'  four  miles  east  of  the  second  meridian 
west).  It  lies  practically  on  the  boundary  of  the  Provinces  of 
Manitoba  and  Saskatchewan,  and  is,  in  point  of  fact,  cut  at  two 
places  by  the  boundary  line;  lying,  as  it  does,  in  the  right  angle 
between  the  north  and  south  boundary  line  and  the  east  and 
west  correction  line. 

FHn  Flon  lake  is  distant  by  air  Hne  68  miles  N.N.W. 
from  The  Pas,  through  which  town  the  Canadian  National 
Railway  passes  en  route  for  Hudson  Bay.  The  Pas  is  the 
distributing  centre  on  the  Saskatchewan  River  for  the  mineral 
field  and  for  settlements  on  the  Hudson  Bay  Railway. 

Means  of  Access. — The  summer  route  from  The  Pas  is  by 
way  of  the  Saskatchewan  river  to  Sturgeon  landing  which  is  the 
head  of  navigation  for  steamboat  traffic,  and  thence  by  canoe 
to  Flin  Flon  lake.  The  total  distance  is  130  miles  by  steamboat 
and  60  miles  by  canoe,  a  total  of  190  miles  from  railway  commu- 
nication. The  canoe  oute  can  be  shortened  by  using  the  summer 
road  built  by  the  Provincial  Government  from  Sturgeon  landing 
to  Lake  Athapapuskow.  With  light  loads,  however,  the  longer 
1  oute  is  usually  taken.  The  winter  sleigh  road  from  The  Pas 
is  approximately  ninety  miles  long.  The  property  is  situated 
near  the  well-established  and  historical  canoe  route  from  Cum- 
berland House,  northward  through  Lake  Athapapuskow  and 
the  Pine  Root  river  to  the  Churchill  river  at  Pukatawagan. 
The  camp  lies  nine  miles  west  of  this  route  in  a  territory  which 
was  hitherto  not  frequently  travelled  between  the  Pine  Root 
river  valley  and  the  Beaver  Lake  country. 

Geological  Features. — The  ore-body  liesin  amy  gdaloidal  green- 
stones which  are  to  be  referred  to  the  earliest  volcanic  flows  in 
this  district.  They  have  been  named  by  E.  L.  Bruce  (who  has 
mapped  this  area  in  detail  for  the  Geological  Survey),  he  Amisk 
volcanics,  owing  to  their  prevalence  in  the  vicinity  of  Amisk 
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(Beaver)  lake.  Associated  with  the  greenstones,  and  probably 
somewhat  later  in  age,  although  earlier  than  the  granite  intrusions, 
are  quartz  porphyries  which  are  parallel  in  strike  to  the  green- 
stones (326*')  and  which  do  not  here  display  clear-cut  intrusive 


Figure  1. 
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relationships  into  the  greenstones.  There  are  also  lamp- 
rophryic  dikes  which  are  apparently  earlier  than  the  intrusions 
of  granite,  probably  earlier  than  the  quartz  porphyry  flows, 
though  later  than  the  amigdaloidal  greenstones.  The  later 
granite,  which  appears  one  mile  southwest  of  the  Flin  Flon 
ore-body,  and  to  which  may  be  referred  the  granite  porphyry 
intrusion  immediately  north  of  the  ore-body,  has  been  named 
by  Bruce  the  Kaminis  granite.      This  granite  is  intrusive, 
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Figure  2. — Group  of  claims  comprising  the  Flin  Flon  property. 
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not  only  into  the  volcanics  above  referred  to,  but  also  into 
sediments  which  overlie  the  volcanics,  but  which  are  not 
exposed  at  the  Flin  Flon  property.  Flin  Flon  and  other 
sulphide  deposits  of  this  district,  as  well  as  the  gold  deposits 
in  the  quartz  veins,  are  to  be  referred  to  this  granite  as  ore 
deposits  representing  deposition  at  lower  and  higher  tempera- 
tures respectively. 

During  the  process  of  shearing,  which  probably  occurred 
in  the  earlier  stages  of  the  eruption  of  the  Kaminis  granite, 
the  quartz  porphyry  bodies  offered  greater  resistance  to  the 
shearing  forces  than  did  the  amygdaloidal  greenstones.  In  the 
greenstone  itself  there  are  apparently  units  of  greater  resistance 
than  others.  In  all  probabilitiy  the  zones  which  suffered 
intensive  shearing  represent  a  volcanic  tuff  interbanded 
with  the  more  massive  lava  flows.  In  the  process  of  replace- 
ment by  sulphides,  the  more  sheared  zones  have  suffered 
much  greater  change  than  have  the  more  massive  units. 

The  Ore-Body 

(a).  Shape  and  Extent. — The  ore-body,  which  skirts 
the  southeast  shore  of  the  lake,  strikes  with  the  country  rock 
(324°)  and  dips  approximately  70°  east.  From  the  records 
of  diamond  drill  holes  at  the  south  end  of  the  body,  it  would 
also  appear  that  the  ore-body  pitches  at  a  low  angle  to  the 
south.  Horses  of  unmineralized  greenstone  rock  break  the 
ore-body  into  more  or  less  independent  lenses.  At  the  south 
end  of  the  ore-body  a  massive  greenstone  has  been  less  affected 
by  weathering  agencies  than  the  sulphides  and  stands  cut 
as  a  prominen  topographical  feature  on  the  property.  It 
would  seem,  from  the  as  yet  incomplete  drillings  at  the  south  end 
of  the  deposit,  that  this  horse  forms  part  of  a  mass  of  green- 
stone semi-circular  in  shape  open  towards  the  south.  The  deposit 
has  a  known  length  of  2593  feet  and  has  been  proved  to  a  depth 
of  900  feet  for  a  length  of  1000  feet.  Its  greatest  width  trans- 
verse to  the  dip  is  400  feet.  This  figure  includes  some  narrow 
horses  of  greenstone.  Its  greatest  transverse  width  at  the 
900-feet  level  is  35  feet.  From  the  results  of  diamond  drilling 
and  underground  development  work  the  total  tonnage  has 
been  calculated  to  be  sixteen  million  tons  exclusive  of  the  horses 
of  greenstone  in  the  ore-body.    This  figure  makes  no  allowance 
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for  possible  ore  under  the  900-ft.  level  or  possible  ore  at  depth 
in  the  line  of  pitch  at  the  south  end  of  the  ore-body.  On  the 
whole,  the  ore-body  is  most  compact  at  the  north  end  and  shows 
a  tendency  to  finger  with  inclusions  of  considerable  widths 
of  country  rock  towards  the  south  end  at  depth. 

(b).  Mineralogical  composition. — The  minerals  of  the  ore- 
body  are,  in  order  of  importance:  pyrite,  sphalerite,  and  chal- 
copyrite. 

Gold  and  silver  values  occur  associated  apparently  main- 
ly with  pyrite,  the  silver  in  all  probability  in  the  form  of  a  mixed 


Figure  3. — ^View  from  the  east.  Section  "F"  is  near  No.  1  shaft  at  the 
left  of  the  picture,  and  Section  "D"  is  near  No.  2  shaft  in 
the  centre.  The  prominent  "horse"  to  which  reference  is 
made  in  this  paper  can  be  seen  between  the  two  shafts. 

silver  sulphide.  Galena  has  been  found  in  vugs  in  the  otherwise 
unmineralized  rock  but  does  not  occur  in  quantity  in  the  ore- 
body.  Native  copper  is  found  in  leaf  form  in  the  upper  sul- 
phide zone  and  has  been  precipitated  as  a  result  of  secondary 
processes. 

For  descriptive  purposes  the  ore  is  divided  into  two  types  : 
first,  solid  sulphides ;  second,  disseminated  ore.  The  solid  sulphides 
occur  in  the  centre  and  towards  the  hanging  wall  of  the  ore- 
body  and  are  in  places  in  direct  contact  with  the  hanging 
wall.  As  a  rule,  however,  a  selvage  and  disseminated  ore 
separates  the  solid  sulphides  from  the  hanging- wall;  but  a 
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considerable  width  of  disseminated  ore  invariably  rests  on 
the  foot- wall.  The  disseminated  ore  on  the  hanging- wall 
is  found  to  carry  smaller  percentages  of  copper  and  higher 


Figure  4. — Section  near  No.  2  shaft,  as  determined  by 
diamond  drilling. 
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values  in  gold  and  silver  than  the  disseminated  ore  on  the 
foot-wall;  in  other  words  the  deposition  of  pyrite  is  more  ex- 
tensive on  the  hanging-wall  side  of  the  ore-body,  while  the 
deposition  of  chalcopyrite  is  more  extensive  on  the  foot-wall 
side.  As  far  as  has  yet  been  ascertained  the  same  holds  true 
(though  to  a  lesser  degree)  with  the  solid  sulphide  which  give 
the  higher  values  in  copper  on  the  foot- wall  side.  The  solid 
sulphides  are  broken  by  masses  of  unmineralized  rock  and  the 
contact  between  solid  ore  and  rock  is  generally  speaking  very 
sharp;  as  a  rule,  also,  contact  between  disseminated  ore  and 
solid  sulphide  is  very  distinct,  though  in  places  on  the 
underground  workings  a  distinct  gradation  may  be  noted. 
The  richest  copper  ore  in  the  ore-body  is  found  in 
the  disseminated  ore  of  the  foot-wall  which  gives  values 
of  3%  to  5%  copper,  the  copper  values  for  the 
whole  ore-body,  exclusive  or  horses,  being  approximately 
1.9%  copper.  A  thin  selvage  of  sphalerite  separates  the  solid 
sulphide  from  the  disseminated  ore  on  the  hanging- wall  side. 
Zinc  values,  which  for  the  whole  ore-body  are  approximately 
3.8%,  are  higher  on  the  hanging-wall  side  than  elsewhere. 
Although  it  might  be  expected  that  values  in  gold  would  in- 
crease and  the  values  in  copper  and  zinc  would  decrease  in 
depth,  no  indications  of  any  such  variations  has  been  noted 
to  the  depth  at  which  diamond  drilling  has  explored  the 
property. 

(c).  Origin. — The  ore-body  has  been  formed  by  replace- 
ment of  the  rock  which  had  already  suffered  intense  mineralo- 
gical  alteration  during  the  shearing  process.  Where  rock  still 
remains  (as  in  the  disseminated  ore  areas)  its  mineralogical 
composition  would  indicate  that  in  the  main  the  replaced 
rock  was  basic  in  character.  The  richest  disseminated  ore 
exposed  by  underground  operations  occurs  in  a  typical  chlorite 
schist.  Quartz  porphyry  bodies  occur,  however,  in  close 
proximity  to  and  apparently  within  the  ore-body.  At  the 
€nd  of  the  cross-cut  of  the  No.2  workings,  a  quartz  porphyry 
forms  the  hanging-wall  in  contact  with  the  disseminated  ore, 
with  the  contact  wall  practically  vertical,  the  dip  of  the  rock 
in  the  ore-body  being  70  to  75  degrees.  In  the  disseminated 
ore  immediately  west  of  the  solid  sulphides  in  the  east  end  of 
the  same  cross-cut,  very  siliceous  bands  occur  which  represent 
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either  a  siliceous  rock  of  the  quartz-porphyry  type  or  a  subse- 
quent infiltration  of  silica  during  the  process  of  mineralization. 
That  silica  has,  to  some  extent  at  least,  been  associated  with 
the  replacement,  is  indicated  by  the  character  of  the  rock 


Figure  5.— Section  near  No.  1  shaft,  as  determined  by  diamond  drilling. 
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which  has  been  exposed  by  surface  workings  at  the  old  black- 
smith's shop  immediately  east  of  the  horse.  Here  the  sulphides 
have  disappeared  by  weathering  and  there  is  left  a  highly 
porous  pumiceous  silica  rock  which  would  appear  to  represent 
the  result  of  siliceous  infiltration  and  replacement  into  a  rock 
which  was  probably  originally  of  acid  type.  The  bands  of 
siliceous  rock  in  the  disseminated  ore  in  the  cross-cut  are  of 
a  similar  character.  The  extent  of  shattering  which  the  rock 
has  undergone  on  shearing  has  been  a  factor  of  greater  im- 
portance in  facilitating  replacement  than  has  the  actual 
chemical  character  of  the  rock  itself. 

Replacemen:  has  taken  place  at  a  fairly  high  temperature 
and  by  hydrothermic  processes;  on  the  foot-wall  particularly 
the  rock  has  been  highly  sericitized.  In  the  chlorite  schist, 
as  well  as  in  the  sericite  schist,  irregular  masses  of  talc  are  met 
with  in  the  underground  workings.  Though  such  minera- 
logical  changes  indicate  hydrothermal  deposition  it  is  a  remark- 
able feature  in  connection  with  the  ore-body  that  the  contact 
between  solid  sulphide  and  unmineralized,  unchanged,  green- 
stone is  so  distinct  as  is  actually  shown  in  the  cross-cuts.  Though 
both  quartz-porphyry  and  lamprophyre  are  rather  closely 
associated  with  the  deposit  there  is  no  evidence  to  show  that 
either  volcanic  phase  is  connected  with  the  deposition  of 
sulphide.  The  Kaminis  granite  and  its  offshoots  seem  to  be  the 
parent  body  from  which  the  hot  solutions  and  the  vapours 
emanated.  Throughout  the  district  sulphide  bodies  occur 
frequently  in  close  association  with  quartz  veins  carrying 
gold  values;  elsewhere,  however,  the  sulphides  are  pyrite, 
with  relatively  small  percentages  of  pyrrhotite  and  only  occa- 
sional chalcopyrite.  It  would  appear  that  during  the  later 
stages  of  plutonic  activity  now  represented  by  the  granite, 
the  deposition  of  sulphides  was  closely  connected  with  the 
precipitation  of  a  gold-carrying  quartz. 

Development. 

(a)  Discovery.  In  the  summer  of  1915  the  Mosher- 
Creighton  party,  who  had  been  working  northeast  of 
Amisk  lake  were  guided  by  information  to  the  Flin  Flon  lake 
district  and  the  Flin  Flon  ore-body  was  discovered.  Some  sur- 
face trenching  was  done  in  order  to  obtain  some  idea  of  the 
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size  of  the  ore-body,  and  late  in  the  summer  the  claims  were 
recorded.  The  news  of  the  discovery  and  the  importance  of  the 
ore-body  were  appreciated  by  other  prospectors  and  in  a  very 
short  time  the  whole  country  in  the  vicinity  of  the  ore-bod\ 
was  staked. 

Development  work  to  date. — During  the  winter  of  1915-16 
work  was  confined  to  surface  sampling  and  cross  trenching. 
In  March  1916  two  drills  were  at  work  and  by  July  of  the  same 
year  6000  feet  of  drilling  had  been  done  by  New  York  and  Bos- 
ton interests,  who,  however,  failed  to  reach  an  agreement  with 
the  owners.  In  the  spring  of  1917  certain  Toronto  interests 
entered  into  an  agreement  with  the  owners  and  diamond  drill- 
ing was  continued  throughout  the  year  and  until  July,  1916. 
In  all,  44  holes  were  drilled  representing  a  total  lineal  footage 
of  25,664  feet.  In  March  1920  an  option  on  the  property  was. 
taken  by  New  York  and  Canadian  interests,  and  since  that  date 
two  shafts  have  been  sunk  at  a  distance  of  over  500  feet  apart 
at  the  south  and  north  ends  of  the  main  horse.  The  first  shaft 
has  reached  a  depth  of  200  feet,  and  at  that  depth  there  is  210 
feet  of  cross-cutting  and  approximately  100  feet  of  sou  hward 
drifting.  It  was  expected  that  the  shaft  would  be  entirely  in 
foot-wall,  but  at  a  depth  of  135  feet  disseminated  ore  was 
encountered  and  the  shaft  continued  in  this  ore  to  the  200  feet 
level.  When  the  cross-cutting  is  complete  t  will  expose  approx- 
imately 100  feet  of  solid  sulphide  as  well  as  120  feet  of  dissem- 
inated sulphide.  No.  2  shaft  was  sunk  to  the  100-ft.  level,  and 
a  cross-cut  approximately  165  feet  long  was  made  at  this  level. 
Sinking  is  now  being  continued  to  the  300-ft.  level. 

(c)  Mining  and  Smelting  facilities. — In  operating  the 
Flin  Flon  property,  a  very  large  low-grade  ore-body,  far  remov- 
ed under  present  conditions  from  transportation  facilities  and 
industrial  centres,  there  are  many  questions  of  major  import- 
ance to  be  faced;  these  refer  in  particular  to  water-power  facili- 
ties, metallurgical  processes,  availability  of  fluxing  material, 
fuel,  and  transportation.  In  order  to  present  the  situation  as 
it  is  to-day,  these  various  phases  may  best  be  discussed  seriatim. 

In  order  to  develop  water-power  in  sufficiently  large 
quantity  for  operating  a  mine  and  smelter  of  2000  tons  capacity 
at  the  Flin  Flon  property,  two  sources  of  power  are  available. 
The  one  on  the  Churchill  river  at  Island  falls  is  distant  some 
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60  miles  from  the  property.  A  minimum  flow  of  80,200  h.  p. 
has  been  estimated  for  this  fall.  A  nearer  source  of  power 
which  will  in  all  probability  be  adopted,  is  Birch  rapids  on  the 
Sturgeon- Weir  river,  which  is  distant  35  miles  from  the  Flin 
Flon  property  in  a  westerly  direction.  The  minimum  flow 
under  present  conditions  is  3270  h.  p.  but  this  may  be  increased 
at  will  by  tapping  the  Churchill  river  at  Frog  portage  at  the 
headwaters  of  the  Sturgeon- Weir  water  system.  At  periods 
of  high  water  there  is  at  the  present  time  a  natural  flow  of  sur- 
plus water  from  the  Churchill  river  into  the  Sturgeon- Weir 
system  and  thence  into  the  Saskatchewan  river.     It  is  estimat- 


Figure  6. 


-View  of  the  Flin  Flon  property  from  the  south.  No.  1 
shaft  in  the  foreground  is  near  Section  "F", 


ed  that  the  available  power  can  be  increased  to  20,000  h.  p.  by 
thus  utilizing  part  of  the  flow  in  the  Churchill  basin. 

The  disseminated  ore  will  offer  no  special  difficulties  in 
the  furnaces.  Generally  speaking  it  will  concentrate  fairly 
readily  and  will  be  treated  in  the  reverberatory   furnace. 

The  solid  sulphide,  mixed  pyrite-chalcopyrite-sphalerite, 
ore  will  present  greater  difficulties  to  the  metallurgist.  Exper- 
imental work  may  discover  a  method  of  concentration  whereby 
it  may  be  possible  to  recover  all  or  the  major  part  of  the  zinc. 
If  this  is  not  feasible  it  will  doubtless  be  treated  in  the  blast 
furnace  by  pyritic  smelting  methods  and  only  a  limited  per- 
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centage  of  the  zinc  recovered.  There  is  a  great  field  for  experi- 
mental work  in  this  ore-body  in  order  to  devise  the  most  suit- 
able and  economical  method  of  handling  and  smelting  the  solid 
sulphide  ore. 

It  will  be  necessary  to  add  silica  in  considerable  amount 
and  limestone  in  small  amount  to  the  ore  before  smelting. 
Quartz  veins  which  carry  gold  are  more  numerous  on  the  west 
end  of  the  mineral  belt  (Beaver  lake)  and  at  its  east  end  (Herb 
lake)  than  elsewhere  throughout  the  belt.  The  eastern  dis- 
trict in  particular  is  somewhat  remote  from  the  property. 
Apart  from  the  gold  carrying  veins  there  are  siliceous  bodies  of 
other  types  in  the  mineral  belt;  in  particular,  quartz  porphyry 
flows,  felsitic  intrusions  into  the  earlier  volcanics  and  sediments 
with  high  silica  content.  In  all  probability  quartz  flux  will  be 
obtained  in  part  from  gold-carrying  quartz  veins  in  part  from 
the  lean  bodies  of  greater  extent  and  closer  proximity  to  the 
deposit.  Magnesian  limestones  of  Ordovician  age  occur  in 
quantity  within  ten  miles  of  the  ore-body.  Pure  limestones  of 
Upper  Devonian  age  are  exposed  at  the  nor  hwest  end  of 
Lake  Winnipegosis.  The  use  of  this  would  necessitate  a  haul 
of  250  miles  by  rail  to  the  property. 

Owing  to  the  great  distance  from  the  eastern  coal  areas, 
western  coal  will  doubtless  be  utilized  as  a  fuel  for  the  smelter. 
The  success  that  has  attended  the  use  of  pulverized  coal  in  the 
experiments  already  carried  out  by  eastern  copper-smelting 
companies,  would  indicate  that  powdered  coal  might  be  the 
cheapest  and  most  easily  available  type  of  fuel  for  the  smelter. 
It  is  not  improbable  as  well  that  satisfactory  electrical  processes 
may  be  devised  for  an  ore  of  this  type  many  years  before  the 
deposit  is  exhausted. 

The  all-important  question  in  connection  with  the  utiliza- 
tion of  this  ore-body  is  transportation .  By  air  Hne  the  property, 
is  68  miles  from  The  Pas,  which  is  served  by  the  Canadian 
National  Railway  system.  A  railway  by  the  most  feasible 
route  would  probably  be  85  miles  long.  The  Government  of 
Manitoba  has  displayed  a  very  commendable  interest  in  the 
property  and  in  the  furtherance  of  its  development.  The 
Board  of  Trade  of  The  Pas  had  as  their  guests  to  the  property 
during  the  month  of  September  the  members  of  the  Provincial 
Legislature  and  other  prominent  business  men  in  the  Province. 
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The  result  of  this  visit  has  been  that  the  members  of  the  Legisla- 
ture have  had  the  opportunity  to  become  personally  acquaint- 
ed with  the  whole  situation  and  to  realize  that  without  a  rail- 
way the  property  cannot  be  operated.  If  before  the  House 
meets  a  deal  is  consummated  on  the  property  with  sufficient 
guarantees  of  development,  the  question  of  the  railway  will  be 
considered  in  the  House  on  the  basis  of  some  arrangement  to 
finance  the  building  of  the  railway  and  to  lease  the  railway, 
when  built,  to  the  Canadian  National  Railway  Board  who 
would  then  be  responsible  for  its  operation. 

The  heartiest  acknowledgements  are  here  made  by  the 
writer  to  the  owners  and  the  optionees  of  the  Flin  Flon  property 
for  their  generous  assistance  in  furnishing  him  with  detailed 
information  respecting  the  property  and  its  development. 


A  NORITE  OF  THE  SUDBURY  TYPE  IN  MANITOBA: 
A  RECONNAISSANCE. 
By  R.  J.  Colony, 

(Western  General  Meeting,  Winnigeg.  October,   1920) 

Eighteen  miles  north,  or  slighty  northeast,  of  Lac  du  Bon- 
net, and  about  35  miles  east  of  Fort  Alexander  on  the  Winnipeg 
river,  occurs  a  body  of  mineralized  norite  strikingly  similar  in 
origin  and  character  to  the  Sudbury  norite  of  Ontario.    This 
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Figure  I. 


mass  of  igneous  rock  is  situated  in  the  area  bordered  on  the 
south  by  the  Maskwa  (Bear)  river,  and  on  the  north  by  Cat 
creek,  a  tributary  to  the  Maskwa  river.  It  is  roughly  oval  in 
shape  at  the  surface,  and  occupies  an  area  of  16  or  20  square 
miles.  1    The  shape  of  the  mass,  its  textural,  structural  and 


1  An  extension  of  the  norite  has  recently  been  found  east  and  south  of 
the  area  here  described.  The  exact  shape  of  the  mass  is  therefore  somewhat 
problematical. 
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Figure  2. 


114        NORITE    AT    MaSKWA    RiVER,    MANITOBA — COLONY 

northeast-southwest  trend,  having  a  maximum  height  of  from 
150  to  250  feet,  and  a  maximun  width  of  from  500  to  1,000 
feet,  and  ranging  in  length  along  the  strike  from  a  few  hundred 
feet  to  two  miles  or  more,  are  characteristic  of  the  region. 

The  ridges,  varying  in  height  from  20  to  100  feet  are  separ- 
ated by,  and  surrounded  with,  spruce  swamp  and  muskeg,  so 
that  while  having  the  same  general  direction,  they  stand  as 
islands  in  the  surrounding  lower  ground.  The  ridges  are  un- 
doubtedly connected,  however,  and  provided  the  area  was  strip- 
ped of  all  cover,  it  would  present  an  undulating,  fluted  aspect 
of  interrupted  ridges  amd  low,  fiat  valleys,  striking  northeast- 
southwest.  The  ridges  within  the  norite  area  are  in  part  norite 
and  in  part  greenstone;  many  of  them  are  composed  of  both 
norite  and  greenstone,  the  contact  between  the  two  being  in 
some  cases  obviously  igneous,  tight  and  sinuous  in  the  extreme, 
the  greenstone  in  some  cases  exhibiting  strong  injection  and 
'soaking'  phenomena. 

In  other  places  both  norite  and  greenstone  are  so  strongly 
sheared  as  to  suggest  a  fault  rather  than  an  igneous  contact ;  not 
infrequently  sheer,  vertical  scarps,  strongly  suggestive  of  fault 
origin  and  running  approximately  in  the  direction  of  strike, 
cause  the  ridges  to  rise  abruptly  in  cliff -like  form  from  the  mus- 
keg. That  more  or  less  faulting  has  occurred  is  certain,  and 
the  writer  judges  that  the  faults  are  either  strike-faults,  or  else 
they  cut  across  the  general  trend  of  the  ridges  at  very  low  an- 
gles. While  more  or  less  schistosity  has  been  developed  in  these 
sheared  contact  zones,  microscopic  study  of  material  taken 
from  such  zones  shows  that  simple  crushing  did  not  occur; 
cataclastic  effects  are  lacking,  the  feldspars  are  granular  and 
mosaic-like  and  the  evidence  points  toward  a  more  or  less  plas- 
tic condition  of  the  mass  during  actual  movement.  It  is  be- 
lieved, therefore,  that  the  dynamic  conditions  responsible  for 
the  faulting  and  allied  phenomena  were  closely  co-related  to 
the  intrusion  and  were  in  operation  before  complete  consolida- 
tion was  effected  and  probably  extended  somewhat  beyond  that 
time. 

The  contact-zones  thus  furnish  more  or  less  evidence  of 
piezocrystallization,  or  crystallization  during  differential  pres- 
sure. The  operation  of  unbalanced  pressures  during  the  clos- 
ing stages  of  consolidation  has  resulted  in  (a),  causing  the  last 
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Figure  3. — Maskwa  river  norite.  Hypothetical  section  across 
strike  of  ridges,  showing  structure  suggested  by 
the  habit  of  the  norite-greenstone  complex. 
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remaining  and  generally  feldspathic  mother-liquor  of  the  mag- 
ma to  crystallize  in  a  mosaic  of  granular  feldspar  in  the  shear 
zones,  this  however  to  a  minor  degree;  and  (6),  in  effecting  a 
migration  of  already-segregated  ore-minerals  in  aqueo-igneous 
solution  to  such  zones,  and  in  facilitating  the  magmatic  replace- 
ment of  the  silicate  minerals  so  that  the  ore-minerals  replace, 
cut,  form  stringers  and  veinlets,  and  occupy  cleavages  in  the 
silicates. 

A  crush-zone  of  considerable  length  striking  with  the  rid- 
ges may  be  traced  from  some  distances  northeast  of  the  Anacon- 
da claim  (in  the  western  end  of  the  area)  to  as  far  as  the  Rio 
Tinto,  and  possibly  beyond.  On  the  Anaconda  claim  the 
crush-zone  is  about  150  feet  wide  and  on  the  Terra,  on  an  'is- 
land' in  the  muskeg,  it  is  about  250  feet  wide. 

The  extreme  traceable  length  is  nearly  two  miles,  so  that 
this  sheared  area  undoubtly  represents  a  fault  of  some  magni- 
tude. On  the  northwest  side  of  this  crush-zone  one  encounters 
only  norite;  the  elevations  are  here  at  their  maximum,  100 
feet  or  more  in  places,  and  the  ridges  are  wide  and  long.  On 
the  southeast  side  of  the  crush-zone  lies  the  norite-greenstone 
complex,  in  successive  low,  interrupted  ridges  separated  by  areas 
of  spruce  swamp  and  muskeg.  Certain  of  the  ridges  in  this 
part  terminate  in  a  manner  suggestive  of  more  or  less  lateral 
displacement  by  possible  cross-faulting  in  an  oblique  direction, 
but  this  is  not  so  absolute  in  indication  as  the  more  plainly  evid- 
ent crush-zones  of  the  strike-faults. 

The  repeated  alternation  of  norite  and  greenstone  in  approx- 
imately parallel  ridges  with  alternating  igneous  and  sheared 
contact  between  the  two  formations,  and  the  occurrence  of  a 
wide  crush-zone  in  the  western  part  of  the  area  with  an  abrupt 
change  in  structural  habit  and  absence  of  greenstone,  strongly 
suggest  a  step-faulted  region,  although  the  faults  may  not 
necessarily  be  of  very  great  throw. 

An  effort  has  been  made  to  represent  this  structure  by  a 
hypothetical  section  across  the  strike.  The  profile  is  not  drawn 
to  scale  nor  are  the  faults  exactly  shown.  The  section  merely 
illustrates  the  structural  conditions  suggested  by  the  habit  of 
the  norite-greenstone  complex.     (See  Figure  3.) 

The  Formations  Involved. — So  far  as  the  writer's  own  ex- 
plorations went,  the  norite  body  is  completey  surrounded  with 


NORITE    AT    MaSKWA    RIVER,    MANITOBA — COLONY        117 

granite.  Though  fairly  certain  of  the  dehmitation  of  the  area  on 
the  northwestern,  northern  and  northeastern  sides,  he  is 
not  certain  of  the  exact  conditions  of  the  southern  boundary. 
Granite  was  encountered,  however,  on  the  Kelly  claim,  which 
lies  in  the  extreme  southeastern  part,  and  the  writer  judges  it 
safe  to  conclude  that  the  entire  mass  of  norite  is  surrounded  by 
granite,  mixed  possibly  with  greenstone,  into  which  the  norite 
was  intruded.^  The  only  formations  to  be  considered  then, 
are  (a)  the  granite,  (6)  the  greenstone,  and  (c)  the  norite  and 
its  various  facies. 

The  granite  has  been  tentatively  called  Laurentian^  in 
part,  and  in  part  post-Lower-Huronian.  Additional  and  care- 
ful work  will  be  necessary  before  the  age  of  this  granite  can  be 
definitely  established.  It  differs  from  the  granite  one  encoun- 
ters along  the  Winnipeg  and  Maskwa  rivers  in  the  absence  of 
included  blocks  of  old  gneisses  and  schists  of  presumably  Gren- 
ville  or  Keewatin  age,  so  characteristic  of  the  granite  en  route 
to  the  norite  area.  Moreover,  these  xenoliths,  representing 
stoped  blocks  of  Grenville  or  Keewatin  gneiss,  had  a  com- 
plicated structural  and  dynamic  history  before  they  were 
intruded  by  the  granitic  magma  in  which  they  are  now 
included. 

They  were  lit-par-lit  or  injection  gneisses;  they  do  not  in 
the  least  resemble  in  history,  composition,  structure,  or  mode  of 
occurrence,  the  greenstones  of  the  norite  area.  Yet  these 
greenstones  have  likewise  been  called  Keewatin^  it  is  be- 
cause of  the  pronounced  structural,  dynamic,  compositional  and 
injection  differences  between  the  numerous  included  blocks  in 


^  The  areal  geology  of  the  actual  body  and  its  exact  extent  have  been 
worked  out  by  Mr.  W.  S.  McCann,  and  his  assistants,  of  the  Geological 
Survey  of  Canada.  Mr.  McCann  camped  on  the  Hititrite  claim,  near  the 
writer's  camp,  and  the  writer  had  the  pleasure  of  his  company  in  the  field. 
Mr.  MaCann's  report  will  doubtless  appear  in  the  near  future  as  a  bulletin 
of  the  Department  of  Mines. 

^  Moore,  Elwood  S.,  Region  East  of  the  South  End  of  Lake  Winnipeg. 
Geological  Survey  of  Canada,  Summary  Report,  1913.  Sessional  Paper  26, 
pp.  262-270. 

^  Moore,  Elwood  S.,  op.  cit.  Greenstones  of  this  type  are  in  general 
assigned  to  the  Keewatin,  and  Moore  follows  the  usual  custom  in  placing  the 
greenstones  (basic  metamorphosed  igneous  types)  of  the  Rice  Lake  series  in 
that  division. 
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the  granite,  and  the  greenstone,  that  the  writer  has  difficulty  in 
correlation.  Whatever  the  age  of  the  granite  in  the  vicinity  of 
the  norite,  it  is  intrusive  into  the  greenstone,  but  is  intruded  by 
the  norite ;  and  the  granite,  norite,  and  greenstone  are  all  cut  by 
numerous  pegmatitic  dykes,  more  especially  at,  and  near,  the 
norite-granite  contacts.  It  is  judged  that  these  pegmatite 
veins  and  dykes  are  related  to  the  norite  and  represent  extreme 
end-phase  consolidation  products  of  it.  The  granite,  as  repre- 
sented by  that  phase  of  it  which  occurs  on  the  Kelly  claim,  is 
moderately  fine  textured,  pinkish-gray,  and  is  composed  largely 
of  feldspar  and  quartz  with  a  minor  amount  of  biotite  in  very 
small  flakes.  The  feldspar  is  dominantly  potassic,  with  some 
admixture  of  the  soda  molecule  and  but  very  slightly  sericitized. 

The  most  striking  feature  shown  microscopically  is  the 
marked  inequi-granular  aspect  of  the  rock,  which  carries  nu- 
merous hyp-idiomorphic  microcline  crystals  with  crenulated 
margins,  ranging  from  one-half  to  one  centimeter  in  size  and 
surrounded  with  much  smaller  grains,  which  give  the  rock  a 
pseudo-porphyritic  texture.  There  is  also,  in  nimierous  other 
grains  a  strong  tendency  toward  micrographic  intergrowths  on 
a  very  minute  scale.  The  dominance  of  feldspar  and  quartz, 
the  extremely  variable  textural  habit  and  the  tendency  toward 
micrographic  structures  are  characteristic  of  marginal  phases 
of  granitic  intrusives,  such  as  this  rock  is  judged  to  be. 

The  greenstone  is  also  more  or  less  variable  in  texture, 
composition,  and  structure,  ranging  from  massive,  fine  to  granu- 
lar, dense  dark-green  rocks,  to  strongly  sheared  and  schistose 
amphibolitic  types.  In  some  places  the  rock  has  been  much 
shattered,  especially  along  the  sheared  norite  contact;  in  such 
cases  healing  has  been  effected  largely  with  quartz,  which 
occasionally  forms  veins  of  some  size  and  not  infrequently 
shows  mineralization  to  a  small  degree,  chiefly  pyrite  and 
chalcopyrite.  Curiously  enough,  while  the  trend  or  strikeof 
the  ridges  is  northeast-southwest,  the  schistosity  developed  in 
places  in  the  greenstone  (not  along  the  norite  contact)  strikes 
in  a  variable  way  from  almost  directly  east-west  to  west  8" 
north,  thus  making  evident  a  secondary  or  cross  structure,  in 
the  direction  of  which  lies  the  foliation  in  the  greenstone  and 
occasional  small  shear  zones  as  well.  In  places  near  the  igne- 
ous contact  the  greenstone  is  thoroughly  impregnated  with  nor- 


NORITE    AT    MaSKWA    RIVER,    MANITOBA — COLONY         119 

itic  matter;  one  of  the  most  remarkable  manifestations  of  this 
phenomenon  may  be  seen  on  the  Vidi  claim,  where  crystals  of 
labradorite,  five  to  ten  centimetres  in  size  and  resembling  huge 
phenocrysts,  are  scattered  through  an  otherwise  fine  textured, 
dense  greenstone.  Injection  and  impregnation  are  so  pronounc- 
ed in  this  vicinity  that  the  large  bunches  of  plagioclase  are  clear- 
ly due  to  those  processes.  In  such  places,  also,  the  greenstone 
is  slightly  mineralized. 


Figure  4. — Photomicrograph  of  Maskwa  River  norite.  Crossed 
nicols,  X  35.  Showing  micro-faulted  plagioclase 
and  granulation  effects. 

The  norite  is  of  simple  composition,  but  varies  both  in  tex- 
ture and  mineral  make-up  to  some  degree  because  of  differenti- 
ation. In  general  it  is  composed  almost  wholly  of  basic  feld- 
spar ranging  from  andesine  to  labradorite  and  carries  as  the 
only  ferro-magnesian  component  a  green  amphibole  or  actino- 
lite,  derived  by  uralitization  from  a  former  magnesian  pyroxene, 
probably  hypersthene.  One  of  the  most  striking  features  of 
the  rock  is  the  manner  in  which  the  uralitized  pyroxene  en- 
croaches upon,  cuts  through,  and  penetrates  the  feldspar  (which 
is  otherwise  perfectly  fresh  and  unaltered)  in  every  conceivable 
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direction;  it  is  clearly  a  product  of  the  action  of  magmatic  end- 
phase-consolidation  material  upon  an  original  containing  both 
magnesia  and  iron,  i.  e.,  hypersthene. 

The  feldspars  have  not  been  affected  in  any  other  way; 
they  are  hyp-idiomorphic,  with  crenulated  margins,  showing 
granulation  along  the  borders  in  some  cases,  with  wedge 
twinning,  bent  grains,  and  micro-faulting. 


Figure  5. — ^Photomicrograph  of  quartz-norite,  taken  in 
combined  reflected  and  transmitted  light, 
X  35.  The  green  amphibole  is  strongly 
poikilitic,  acting  as  host  for  numerous 
quartz  grains.  The  metallics  (magnetite, 
pyrrhotite,  and  chalcopyrite)  are  replacing 
the  amphibole  and  penetrating  cracks. 


The  ore  minerals  are  magnetite,  ilmenite,  pyrrhotite,  pent- 
landite  and  chalcopyrite,  all  closely  associated  and  intergrown. 
So  far  as  a  time  relation  can  be  made  out  they  are  all  of  late 
magmatic  stage,  essentially  almost  contemporaneous,  but  over- 
lapping, so  that  the  earliest  are  magnetite  and  ilmenite,  the 
next  pyrrhotite  and  the  latest  chalcopyrite  and  pentlandite, 
with  replacing  effects  on  one  another  in  the  order  named. 


NORITE    AT    MASKWA    RIVER,    MANITOBA — COLONY         121 

They  occur  in  blebs,  in  irregular  patches,  stringers  and 
veinlets,  lying  in,  surrounding,  cutting  and  replacing  the  silicate 
minerals  of  the  rock  and  penetrating  cleavages ;  their  mode  of 
occurrence  and  the  manner  in  which  they  are  associated  with 
the  silicate  minerals  clearly  indicate  that  these  ore  minerals 
were  formed  later  than,  but  immediately  following  the  magma- 
tic  alteration  of  the  original  pyroxene  to  uralite,  thus  placing 
them  very  definitely  in  a  late  magmatic  stage. 


Figure  6. — Photomicrograph  of  norite,  taken  in  combined 
transmitted  and  reflected  light,  X  35.  A 
stringer  of  pyrrhotite  replaced  in  part  by  chal- 
copyrite  f lighter).  The  sulphides  themselves 
are  cutting  and  replacing  the  feldspar  (light 
grey)  and  are  encroaching  upon  and  replacing 
the  green  amphibole  (dark  grey). 


The  'ore',  therefore,  is  merely  a  mineralized  phase  of  the 
norite  itself.  The  ore  minerals  of  economic  value  are  chalcopy- 
rite  and  nickeliferous  pyrrhotite,  distributed,  with  a  little 
magnetite,  ilmenite,  and  pyrite  in  disseminated  grains 
throughout  the  norite,  and  also  more  especially,  segregated  along 
the  contacts  between  the  greenstone  and  the  norite,  where 
mineralized  zones  occur  up  to  150  feet  in  width  (at  the  surface). 
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Various  assays  have  been  made  of  samples  taken  from  dif- 
ferent localities,  and  the  maxima  and  minima  are  here  given. 
The  maxima  and  minima  of  a  large  number  of  assays  of  Sud- 
bury norite  are  also  given  for  the  purpose  of  comparison: 

Platinum 
Copper        Nickel  metals 

%  %        oz.  per  ton 

Max.  Min.  Max.  Min.  Max.  Min. 

Maskwa   River   norite 3.60  0.68  1.68  0.29  0.03  0.01 

Sudbury   norite 1.79  0.612.97  1.14  0.02  0.03 

Marked  differentiation  is  exhibited  within  the  limits  of  the 
norite  area  so  that  one  finds  typical  coarse-textured  norite, 
finer-textured  and  less  basic  phases,  quartz-norite  somewhat 
similar  to  the  norite  (micro-pegmatitic)  of  Sudbury,  coarse  anor- 
thosite,  extremely  coarse  norite-anorthosite  pegmatite  in  which 
the  large  bunches  of  plagioclase  separated  by  much  smaller 
quantities  of  dark  interstitial  ferromagnesians,  have  weathered 


Figure  7. — Trench  across  norite  'ore  body'  on  the  Hititrite  claim. ^-The 
'ore  body'  is  here  a  mineralized  zone  150  feet  wide,  along 
the  norite-greenstone  contact.  Muskeg  in  the  background. 
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chalky-white  on  exposed  surfaces,  making  an  extremely  strik- 
ing rock.  Very  acid,  fine-textured  facies,  doleritic  norite, 
veins  and  stringers  of  magnetite  as  well  as  a  body  of  magnetite 
of  considerable  size  that  lies  in  the  muskeg  on  the  northeast 
corner  of  the  Copper  Contact  claim,  and  pegmatite  and  quartz 
dykes  and  veins  are  judged  to  represent  the  extreme  end-phase 
of  consolidation.  There  are  also  basic  dykes  essentially  micro- 
diorites,  and  which  may  be  end-phases  of  the  norite,  interme- 
diate between  the  main  norite  body  and  the  very  ultimate  and 
acid  pegmatite  and  quartz  dykes  and  veinlets ;  these  vary  from 
an  inch  to  eighteen  inches  in  width,  cutting  the  norite  in  many 
places,  and  are  frequently  offset  by  small  faults. 

The  ore  minerals  are  essentially  magmatic  in  origin,  but  the 
writer  does  not  conceive  them  to  be  the  product  of  simple  mag- 
matic segregation;  nor  have  they  originated  through  the  action 
of  hydro-thermal  processes  operating  subsequent  to  the  con- 
solidation of  the  rock. 

They  have  been  produced  by  the  concentration  of  mater- 
ials through  the  action  of  selective  freezing,  and  belong  to  a  very 
late  magmatic  stage  during  which  the  ore  minerals,  acid  'juices' 
and  mineralizers  were  concentrated  so  as  to  become  a  very  mo- 
bile, pervasive  solution  of  essentially  aqueo-igneous  character, 
capable  of  penetrating  and  replacing  to  a  marked  degree. 
Through  the  action  of  stresses  operating  during  the  closing 
stages  of  consolidation  and  intrusion  the  ore-minerals  are  con- 
ceived to  have  migrated  in  aqueo-igneous  solution  to  the  con- 
tact zones  and  to  have  effected  there  the  replacement  described. 
The  very  extreme  end-phase-manifestation  of  this,  the  writer 
takes  to  be  the  quartz  veins  and  stringers  which,  in  addition  to 
quartz,  carry  carbonate  granular  feldspar  of  albite  composi- 
tion, and  epidote,  and  sometimes  pyrite  and  chalcopyrite. 

The  writer  has  called  this  norite  the  Maskwa  River  Norite: 
judging  by  (a)  its  character  and  origin,  (6)  its  extent,  (c)  its 
striking  similarity  to  the  Sudbury  norite,  {d)  the  occurrence  of 
mineralized  zones  and  the  assay  returns  on  these,  it  seems 
reasonable  to  state  that  this  body  of  igneous  rock  and  its  'ore' 
compare  very  favourably  with,  and  is  strikingly  similar  to  the 
occurrence  at  Sudbury 


GRAPHITE 
Recent  Developments  in  the  Buckingham  district. 
By  V.  L.  Eardley-Wilmot 

(Annual  General  Meeting,  Montreal,  March,  1921.) 

For  commercial  purposes,  it  is  convenient  to  distinguish 
three  varieties  of  graphite — crystalline,  flake,  and  amorphous. 
Flake  graphite  differs  from  crystalline  in  that  it  occurs  dis- 
seminated through  the  containing  rock,  whereas  the  crystalline 
forms  true  veins  of  more  or  less  compact  graphite,  sometimes  in 
the  form  of  needle-like  crystals  or  tapering  hexagonal  pyramids. 
These  two  varieties  are  found  most  frequently  associated  with 
crystalline  limestones,  gneisses,  or  schists. 

Amorphous  graphite,  on  the  hand,  approaches  coal  in  its 
physical  characters,  and  it  is  often  found  in  contact  with  coal 
seams,  shales,  and  slates.  It  is  distinctly  earthy  in  appearance, 
and  does  not  possess  the  lustre,  chemical  inertness,  or  high  re- 
fractory properties  of  the  crystalline  and  flake  varieties.  There 
are  small  deposits  of  this  material  in  the  Maritime  Provinces, 
but  practically  no  true  amorphous  graphite  is  mined  in  Canada. 

Occurrence  and  Origin 

Graphite  mining  in  Canada  is  confined  to  certain  districts 
in  the  provinces  of  Quebec  and  Ontario,  and  all  situated  within 
a  radius  of  150  miles  of  Ottawa.  The  largest  and  best  known 
deposits  are  in  the  Buckingham  district,  Que.,  and  here  flake 
graphite  forms  by  far  the  principal  product. 

In  Ontario,  the  well  known  crystalline  graphite  ore  body 
of  the  Black  Donald  mine  is  the  most  important.  This  is  the 
largest,  and  the  highest  grade,  concentrated  deposit  of  graphite 
known  on  the  American  continent.  In  this  case,  there  is 
comparatively  little  'flake' ;  the  material  has  a  micro-crystalline 
structure,    and  until  recently  it  was  classed  as  amorphous. 

In  the  Buckingham  district,  the  graphite  is  for  the  most 
part  disseminated  through  metamorphic  rocks,  chiefly  gneisses, 
crystalline  limestones,  and  schists.     Generally  speaking,  there 
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is  a  very  wide  areal  distribution  of  the  graphite,  but  the  rich- 
est deposits  are  ahnost  invariably  found  near  and  along  con- 
tacts— either  between  the  numerous  pegmatite  intrusions  and 
the  country  rocks,  or  between  the  older  limestones  and  gneisses 
themselves.  Where  the  pegmatite  dykes  intersect  contacts  of 
the  latter  type,  a  further  enrichment  is  usually  found.  The 
geological  structure  is  so  complex,  however,  that  it  is  often  a 
matter  of  extreme  difficulty  systematically  to  follow  the  ore 
body. 

The  mode  of  occurrence  of  the  graphite  in  this  district  be- 
ing thus  somewhat  variable,  several  conflicting  theories  have 
been  advanced  to  explain  its  origin.  The  most  probable  ex- 
planation appears  to  be  that  the  calcium  carbonate  of  the  limiC- 
stone  has  been  changed  to  lime  silicate  with  liberation  of  carbon 
dioxide,  and  that  the  latter,  in  presence  of  hydrogen,  has  been 
reduced  with  formation  of  graphitic  carbon.  The  process  would 
be  similar  in  the  case  of  rocks  other  than  limestone  that  yield 
carbon  dioxide. 

The  pegmatite  intrusions  already  referred  to  carry  lime,  or 
lime-soda,  feldspar,  and  it  is  probable  that  they  are  the  cause  of 
the  change.  The  writer  has  frequently  found  these  intrusions 
forming  'horses'  in  the  richest  parts  of  the  ore  bodies,  sometimes 
completely  cutting  them  off.  They  contain  absolutely  no  gra- 
phite, whereas  the  presence  of  flake  is  noticeable  for  a  consider- 
able distance  in  the  adjacent  country  rock.  Weathering  white, 
these  intrusive  masses  are  very  conspicuous,  and  thus  they  serve 
as  a  useful  guide  in  mining  operations. 

Graphite  was  first  mined  in  the  Buckingham  district  about 
seventy  years  ago.  Operations  were  continued  in  a  desultory 
fashion  for  about  thirty  years,  and  then  for  the  next  ten  years 
there  was  no  production.  A  few  properties  were  again  active 
between  1888  and  1899,  but  from  the  latter  date  until  1906  the 
whole  district  was  once  more  idle.  Difficulties  in  milling  opera- 
tions, and  in  producing  a  refined  product  of  sufficiently  high 
grade,  have  been  mainly  responsible  for  the  slow  development 
of  the  district  in  the  past,  and  it  was  not  until  shortly  before  the 
war  that  progress  of  any  consequence  was  made  along  these 
lines. 
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Mining  Methods 

Mining  methods  call  for  no  special  comment.  The  almost 
universal  practice  has  been  to  open  up  surface  showings.  The 
writer  is  most  familiar  with  the  property  of  the  Quebec  Graphite 
Company,  three  miles  east  of  Buckingham,  and  a  brief  simimary 
of  the  mining  and  milling  methods  adopted  at  their  workings 
will  serve  to  illustrate  the  general  procedure  throughout  the 
district. 

On  this  property  which  embraces  about  1,500  acres,  gra- 
phite in  the  form  of  disseminated  flake  occurs  throughout  the 
whole  area,  with  zone  of  enrichment  in  the  neighbourhood  of 
pegmatite  masses  and  limestone — gneiss  contacts.  There  are 
in  addition  occasional  narrow  veins  of  crystalline  graphite,  one 
of  which  has  yielded  large  and  almost  perfect  crystals  of  the 
mineral. 

Openings  have  been  made  at  sixty  or  seventy  points  where 
there  are  evidences  of  enrichment.  Mining  is  confined  to  derrick 
and  bucket  hoisting,  using  steam  hoists  and  drills,  except  in  the 
case  of  openings  near  the  mill,  where  air  is  used.  Sinking  is 
continued  so  long  as  the  mining  and  hoisting  of  the  ore  remains 
profitable,  after  which  operations  are  transferred  to  anew  opening. 
It  is  a  curious  fact,  however,  that  at  a  depth  of  100  to  120  feet, 
the  ore  seems  to  change  in  character,  the  flake  tending  to  be- 
come smaller  and  less  rich.  Although  no  diamond  drilling,  or 
other  exploration  at  depth,  has  been  carried  out,  there  seems  no 
reason  why  the  ore  bodies  should  not  enlarge  again  at  greater 
depths.  It  is  at  least  significant  that  contact  zones  of  enrich- 
ment follow  a  general  N — S  strike,  and  that  the  rich  ore  occurs 
in  lenses  which  pinch  out  laterally  but  can  be  picked  up  again 
along  the  contact,  where  they  are  found  to  widen  once  more.  A 
similar  phenomenon  may  be  expected  vertically  downwards. 

The  deposits  at  the  northern  end  of  the  property  are  more 
regular,  harder  in  character,  and  usually  of  smaller  flake,  than 
those  towards  the  southern  boundary,  where  the  mill  is  situated. 
Some  of  the  neighbouring  properties  to  the  north  are  more  exten- 
sively tunnelled,  and  the  ore,  which  is  more  concentrated  and 
local,  is  apparently  not  quite  so  rich,  nor  the  flake  so  large. 
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In  general,  however,  the  rocks  have  suffered  such  extreme 
deformation  that  any  systematic  'blocking  out'  of  ore  is  usually 
out  of  the  question.  Literally  speaking,  the  'ore  in  sight'  is 
very  limited;  but,  on  the  other  hand,  the  ore  bodies,  such  as 
those  on  the  property  under  review,  can  without  much  risk  be 
termed  unlimited. 

As  a  consequence  of  the  mode  of  occurrence  of  the  ore,  min- 
ing methods  are  somewhat  primitive.  The  country  is  undulat- 
ing and  fairly  densely  wooded  so  that  all  the  timber  necessary 
for  shaft  collars,  derricks,  etc.,  as  well  as  for  fuel  for  the  portable 
boilers  which  supply  the  steam  power,  can  be  cut  on  the  spot. 

In  some  of  the  Ontario  mines,  however,  more  modern 
methods  have  been  adopted.  At  the  Black  Donald,  for  example 
there  is  an  extensive  tunnelling  system,  reaching  to  a  depth  of 
250  to  300  feet,  and  extending  beneath  a  lake,  where  a  vast 
amount  of  heavy  timbering,  and  much  pumping  machinrey, 
are  necessary. 

Older  Milling  Methods 

The  efficient  concentration  of  graphite  presents  a  most 
difficult  problem.  This  is  mainly  because  of  the  peculiar  physi- 
cal characters  of  the  mineral.  The  specific  gravity  (  =  2.2) 
being  almost  identical  with  that  of  the  associated  gangue  min- 
erals, gravity  methods  of  separation  need  to  be  most  delicate. 
Moreover,  owing  to  its  lamellar  form,  a  certain  portion  of  the 
graphite  is  liable  to  float  on  water. 

In  the  crucible  industry,  which  until  recently  absorbed  the 
bulk  of  the  graphite  output,  specifications  require  that  the  flake 
must  be  coarse  enough  to  remain  on  an  80-mesh  screen,  and  that 
it  must  contain  not  less  than  90%  of  graphitic  carbon,  and  be 
free  from  mica  and  pyrite.  Microscopic  and  chemical  examina- 
tion of  seemingly  pure  flake  usually  shows  the  presence  of  in- 
clusions of  other  minerals.  The  elimination  of  these  necessitates 
fine  grinding,  but  if  the  grinding  is  carried  too  far,  the  flake  be- 
comes useless  for  the  crucible  trade.  On  the  other  hand,  the 
presence  of  mica  is  disastrous  where  the  graphite  is  to  be  used 
for  crucible  making.  Separation  of  the  two  minerals  by  ordin- 
ary gravity  methods  is  almost  impossible,  nor  has  the  employ- 
ment of  electrostatic  machines  been  attended  with  much  success. 
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The  problem  of  correct  grinding  and  efficient  separation 
has  battled  the  metallurgist  for  the  past  60  or  70  years.  Up  till 
about  1909  the  graphite  was  always  concentrated  by  dry  meth- 
ods. The  process  included  preliminary  drying,  followed  by  dry 
grinding  in  rolls,  screening,  etc.,  and  the  product  was  finally 
'buhred'  in  buhr-stone  mills.  Every  graphite  mill  was  a  night- 
mare of  dust  and  low  recovery.  Practically  everything  except 
the  large  flake  usually  went  into  the  tailings.  When  it  is  con- 
sidered that  only  40  to  60  per  cent  of  a  10  to  15  per  cent  feed 
consists  of  'crucible,'  or  'No.  1'  flake,  and  that  the  old  grinding 
methods  probably  destroyed  at  least  60  per  cent  of  this,  and, 
further,  that  of  the  No.  1  which  survived  this  treatment  only 
about  60  per  cent  was  recovered,  it  will  be  realized  that  the  ulti- 
mate recovery  of  the  graphite  content  of  the  ore  must  have  been 
almost  infinitesimal.  This  alone  goes  far  to  explain  the  slow 
growth  of  the  graphite  industry. 

During  the  past  ten  years,  numerous  methods  of  concen- 
tration, both  dry  and  wet,  have  been  tried.  In  these,  buddies 
and  stamp  mills  have  played  a  prominent  part,  as  have  also  air 
classifiers,  and  air  tables  of  the  Sutton  steel  type.  One  com- 
pany experimented  along  entirely  original  lines,  making  use  of 
a  system  in  which  advantage  was  taken  of  the  flat  shape  of  the 
flake.  The  feed  was  led  down  a  flat  incline  on  to  the  surface  of 
water,  and  it  was  expected  that,  by  reason  of  their  momentum, 
the  flakes  of  graphite  would  fly  across  and  land  in  a  receptacle 
on  the  further  side,  the  gangue  meanwhile  settling  to  the 
bottom  The  process  was  not  a  success. 

In  1911,  a  new  area  in  wet  concentration  was  introduced 
into  Canada  by  the  Quebec  Graphite  Company.  This  was  an 
all-wet  process,  installed  by  a  firm  of  German  engineers.  The 
flow  sheet  was  as  follows:  rock  crusher — wet  grinding  in  Krupp 
ball  mill — tube  pebble  mill — series  of  trommel  screens — a  num- 
ber of  vibrating  tables  of  the  Ferraris  type — hydraulic  classifiers 
The  middlings  were  re-ground,  and  the  concentrates  went  to  a 
vacuum  filter,  after  which  they  were  dried  in  trays  wheeled  into 
a  heating  chamber.  Thence  they  were  taken  to  the  'finishing 
department',  where  they  were  rolled  between  high  grade  contact 
rolls  of  the  'Seek'  type,  and  carefully  screened.  A  feature  of  this 
process  was  the  almost  entire  elimination  of  dust,  even  from  the 
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finishing  department,  since  the  whole  of  the  dry  end  of  the  pro- 
cess was  connected  by  pipes  to  a  suction  machine,  where  the 
dust  was  automatically  collected  and  sealed. 

Finishing  or  Polishing 

The  milling  of  graphite  comprises  two  distinct  operations 
(1)  Milling  proper,  and  (2)  'Finishing'  or  'Polishing'. 

In  the  process  of  polishing,  the  crude  mixed  concentrates 
after  thorough  drying,  are  screened,  usually  into  plus  80,  minus 
80,  and  minus  150  mesh  grades.  The  first  two  fractions  are 
separately  fed  into  special  horizontal  buhr  stones  or  to  close- 
contact  highly  polished  rolls.  The  third  grade  is  not  usually 
so  treated.  By  this  treatment  the  hard  gritty  material  associat- 
ed with  the  graphite  is  ground  or  rolled  into  an  impalpable  pow- 
der, while  the  flake  remains  more  or  less  in  its  natural  state, 
except  that  it  is  often  considerably  more  flattened.  On  screen- 
ing, the  finely  powdered  gangue  passes  through,  leaving  the 
concentrated  flakes  on  the  screens.  That  which  remains  on  an 
80  or  86  mesh  is  commonly  called  'No.  1',  on  a  150  mesh.  No.  2', 
while  that  which  passes  through  the  150  mesh  is  classed  as 
'No.  3'. 

The  purity  of  the  finished  grades,  the  percentage  of  flake 
destroyed,  and  the  amount  of  wear  on  the  stones  and  rolls,  are 
greatly  influenced  by  the  richness  and  character  of  the  crude 
concentrates  to  be  refined.  It  is  far  easier  to  grind  down  the 
hardest  diamond  than  a  flake  of  pure  graphite.  But  directly 
any  appreciable  quantity  of  grit  is  introduced,  it  not  only  tears 
up  the  individual  flakes,  but  it  leaves  minute  particles  embed- 
ded in  the  remaining  flakes,  and  also  has  a  destructive  action 
on  the  machine. 

In  actual  practice  the  method  of  refining  is  more  compli- 
cated than  in  the  above  brief  outline,  which,  however,  broadly 
describes  the  system  followed  by  most  producers. 

Although  the  new  wet  process  installed  by  the  Quebec 
Graphite  Company  was  a  big  step  in  the  right  direction,  there 
still  remained  many  difficulties  to  overcome.  It  was  found 
that  a  large  proportion  of  No.  1  was  being  destroyed  in  the  in- 
itial crushing.    There  was  also  the  persistent  presence  of  mica, 
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which  rendered  the  final  product  unsuitable  for  the  crucible 
trade,  although  during  the  war  restrictions  against  the  over- 
seas market  forced  the  crucible  makers  to  use  a  proportion  of 
domestic  flake. 

With  the  outbreak  of  the  war,  all  German  connection  with 
the  Quebec  Graphite  Company  was  naturally  severed.  Subse- 
quently, the  impossibility  of  obtaining  spare  parts  for  the 
machinery  brought  operations  largely  to  a  standstill. 

Oil  Flotation 

During  1918,  however,  graphite  producers  began  to  experi- 
ment with  oil  flotation.  The  Plimibago  Syndicate  was  the  first 
graphite  company  to  adopt  this  practice  in  Canada.  The  Callow 
pneumatic  oil  flotation  system  was  installed  at  their  property 
near  Buckingham,  but  unfortunately  the  mill  was  burnt  down 
before  any  practical  results  had  been  obtained.  Shortly  after- 
wards, the  Consolidated  Graphite  Company  introduced  the  same 
process  on  their  property  about  six  miles  from  Buckingham, 
but,  owing  to  the  difficulty  of  re-modelling  the  old  mill  to  fit  the 
new  process,  the  best  success  was,  apparently,  not  obtained. 
Early  in  1919,  however,  the  Callow  system  was  adopted  at  the 
Black  Donald  mine,  and  there  it  has  proved  a  great  success.  In 
the  autumn  of  the  same  year  the  Quebec  Graphite  Company 
entirely  remodelled  its  mill  and  installed  the  Callow  process, 
with  results,  both  as  regards  grade  and  recovery,  that  have  far 
exceeded  the  hopes  of  two  or  three  years  ago. 

In  another  mill  in  the  district  the  Spearman  process  was 
introduced,  but  no  definite  information  is  available  as  to  the 
results  of  its  operation. 

Some  Causes  of  Failure 

In  erecting  a  graphite  mill  many  points  needing  careful 
consideration  arise  which  do  not  affect  ordinary  milling  or  ore 
concentration.  The  chief  of  these  is  the  probable  condition 
of  the  market,  which  naturally  governs  the  output.  There  is 
also  the  question  of  the  best  kinds  and  grades  of  product  that 
can  be  sold  for  special  purposes,  or  re-treated  for  conversion 
into  manufactured  articles. 
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The  annual  statistics  of  the  export  of  Canadian  graphite 
show  how  relatively  small  is  the  amount  exported  in  compari- 
son with  the  number  of  possible  producers.  It  is  also  a  fact 
that,  ever  since  the  inception  of  the  industry,  the  satisfactory 
and  quick  disposal  of  all  grades  has  been  a  matter  of  the  greatest 
difficulty  and  often  of  chance. 

In  the  past  there  has  been  a  tendency  to  erect  mills  of  such 
large  capacity  that  it  is  doubtful  if  there  has  ever  been  a  suffi- 
ciently wide  market  for  the  continued  disposal  of  one  half  of 
their  output.  It  is  this  combination  of  oversized  mills  and  in- 
efficient milling  methods  that  has  made  the  production  of 
Canadian  graphite  in  many  districts  such  a  hazardous  under- 
taking, in  spite  of  the  fact  that  the  Canadian  graphite  is  the 
richest  and  best  on  the  American  continent. 

It  would  appear  infinitely  better  to  instal  a  mill  with  a 
maximum  feed  of  about  50  tons  per  day,  and  to  devote  every 
energy  to  perfecting  the  efficiency  of  such  a  plant,  or  even  of  a 
smaller  one.  This,  of  course,  applies  especially  to  the  Canad- 
ian ores,  which  contain  from  10  to  20  per  cent  of  graphite. 
The  low  grade  (3  to  6  per  cent)  ore  in  some  of  the  United  States 
fields  naturally  calls  for  different  methods  of  treatment. 

It  is  important  to  remember  that  every  ore  should  have 
its  own  special  flow  sheet,  and  that  no  hard  and  fast  rules  for 
concentration  can  be  laid  down.  A  process  that  is  a  success 
in  one  mill  may  be  a  complete  failure  in  a  neighbouring  mill 
only  a  mile  or  so  distant.  It  is  to  be  feared  that  in  some  in- 
stances at  least,  Canadian  mills  have  been  designed  and  built 
to  comply  with  purely  theoretical  and  untried  flow  sheets,  or 
have  been  modelled  on  the  mills  of  other  producers — with  dis- 
astrous results  in  either  case ;  whereas  had  the  Mines  Branch  of 
the  Department  of  Mines  been  first  approached,  extensive 
small  scale  working  tests  on  the  particular  ore  might  have  been 
made,  resulting  in  correct  flow  sheets,  in  the  saving  of  thousands 
of  dollars,  and  in  helping,  instead  of  retarding,  the  progress  of 
the  Canadian  graphite  industry. 

Canadian  Manufactures  of  Graphite 

It  is  only  during  the  last  year  or  two  that  Canadian  gra- 
phite producers  have  given  serious  attention  to  the  manufac- 
ture of  lubricants,  foundry  facings,  stove  polish,  and  similar 
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graphite  products.  Hitherto  it  has  been  the  common  practice 
of  produce  certain  grades  of  graphite  in  bulk  and  ship  them  out 
to  the  Dominion  in  the  raw  state — only,  of  course,  to  be  convert- 
ed into  various  products,  by  straight  canning,  mixing  with 
greases,  etc.,  and  in  that  form  shipped  back  to  Canada  or  dis- 
tributed all  over  the  world.  In  order  to  combat  this  state  of 
affairs  as  far  as  possible,  the  Quebec  Graphite  Company — 
having  remodelled  its  mill  and  installed  a  Callow  oil  flotation 
outfit  with  a  capacity  of  50  tons  per  day — decided  in  1919  to 
turn  out  a  series  of  grades  that  would  enable  it  to  produce  a 
number  of  high  grade  Canadian  graphite  products  that  would 
be  at  least  equal  to  any  on  the  market. 

It  may  be  added  that,  previously  to  this,  some  other 
Canadian  producers  had  adopted  this  means  of  disposing  of 
their  product;  but  apparently  the  selling  organization  was  not 
sufficiently  well  developed,  or  the  variety  of  manufactured  pro- 
ducts was  too  limited,  to  enable  them  to  make  a  real  success  of 
the  business.  It  must  be  borne  in  mind,  however,  that  owing 
to  the  high  mining,  milling,  and  overhead,  costs,  it  must  neces- 
sarily be  a  very  slow  process  to  make  a  financial  success  of  these 
side  lines;  and,  unless  the  company  is  extremely  wealthy,  it 
must  rely  entirely  on  the  proper  disposal  of  the  'bulk'  output 
until  such  a  stage  is  reached.  Therefore,  success  depends  to  a 
considerable  extent  on  the  demand  for  the  bulk  output. 

Crucible  Flake 

In  general,  the  bulk  of  the  Canadian  graphite  output  is 
No.  1  or  crucible  flake.  In  preparing  material  for  the  market, 
therefore,  attention  was  naturally  first  directed  to  this.  The 
exacting  requirements  of  the  crucible  maker  have  been  referred 
to  above.  In  the  flotation  experiments,  it  was  found  at  the 
outset  that  mica  does  not  float  when  coated  with  oil,  whereas 
graphite  does.  A  series  of  large  scale  tests  on  the  Quebec  Gra- 
phite Company's  ores,  carried  out  in  the  research  laboratories 
of  the  Mines  Branch  at  Ottawa,  using  Callow  cells,  eventually 
produced  without  any  difficulty  a  high  recovery  of  No.  1  flake, 
mica  free,  which  after  being  'finished'  in  the  Company's  polish- 
ing rolls,  yielded  a  product  containing  90  to  92  per  cent  gra- 
phite. 
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It  was  hoped  that  this  high  grade  flake  would  be  able  to 
compete  successfully  with  the  well  known  Ceylon  graphite, 
which  is  considered  the  best  for  crucible  making,  although  its 
minimum  standard  of  carbon  content  is  as  low  as  85  per  cent. 
Samples  were  submitted  to  all  known  crucible  makers,  but  the 
general  verdict  was  that  although  from  the  chemical  stand- 
point it  was  as  good  as  or  even  better  than  Ceylon  graphite,  it 
was  inlerior  in  its  physical  characters.  The  flake  was  too  thin, 
so  that  the  particular  clay  utilized  in  the  binder  did  not  pro- 
perly adhere,  or  required  to  be  used  in  too  great  a  proportion. 
In  other  words,  it  was  necessary  that  the  flake  be  coarse, 
angular,  and  thick. 

Attempts  were  thereupon  made  to  produce  a  sufficiently 
high  grade  flake  without  passing  it  through  the  finishing  de- 
partment, which  process,  as  already  explained,  tends  to  flatten 
out  the  flakes.  Re-floating  in  the  Callow  cells,  followed  by 
careful  tabling  axid  screening,  produced  an  80  mesh,  87  to  90 
per  cent  concentrate,  distinctly  more  angular  and  denser  than 
the  ordinary  'finished'  products.  Samples  of  this  so-called 
'natural'  flake  were  submitted  to  a  Canadian  crucible  manufac- 
turer, who  reported  very  favourably  on  its  qualities,  stating 
it  was  in  every  way  as  good  as  the  best  Ceylon,  and  that  it 
could  be  used  entirely  by  itself  in  the  crucible  industry,  and 
not  merely  to  the  extent  of  20  per  cent  mixed  with  Ceylon  or 
other  graphite,  as  was  the  custom  during  the  war.  Samples 
were  also  submitted  to  the  principal  crucible  makers  in  the 
United  States,  but  owing  to  excessive  stocks  of  Ceylon  gra- 
phite, and  perhaps  also  to  prejudice  against  the  possibility  of 
being  able  to  use  Canadian  flake,  apparently  no  further  reli- 
able tests  were  made.  Unfortunately,  also,  there  are  at 
present  no  firms  in  Canada  making  crucibles. 

The  Quebec  Graphite  Company's  Mill 

The  following  brief  description  of  the  Quebec  Graphite 
Company's  mill  may  be  of  interest  as  illustrating  the  latest 
developments  in  the  Buckingham  district. 

The  present  bulk  market,  although  very  dull,  calls 
for  two  series  of  grades,  No.  1  and  a  fine  dust.    The  policy  is, 
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therefore,  to  extract  as  much  No.  1  as  possible,  and  then 
thoroughly  to  regrind  and  keep  returning,  the  remainder,  or 
minus  80  material.  The  presence  of  minute  attached  particles 
of  gangue,  especially  in  the  middlings,  renders  this  regrinding 
all  the  more  necessary.  The  circuit,  therefore,  is  more  or  less 
closed,  having  only  a  main  coarse  tailings  outlet  and  an 
overflow. 

The  ore  feed  averages  15  per  cent,  which  is  somewhat 
higher  than  in  the  neighbouring  properties.  After  treatment 
in  a  rock  crusher,  the  ore  goes  to  a  5-ft.  Harding  ball  mill, 
and  then  over  a  20  and  30  mesh  screen.  The  plus  20  is  return- 
ed to  the  ball  mill,  and  the  minus  20  plus  30  goes  to  a  coarse 
Krupp-Ferraris  table,  where  the  largest  flake  is  taken  off  and 
sent  to  the  concentrates  filter.  The  minus  30  goes  to  a  Callow 
rougher  double  cell,  the  tails  of  this  two  waste  and  the  concen- 
trates over  a  60  mesh  screen.  The  'overs'  are  tabled,  and  the 
'throughs'  pass  over  two  pulp  thickeners.  The  spigot  extract 
from  the  first  thickener  is  well  ground  in  a  12-ft.  pebble  mill, 
and  screened  on  an  80  mesh,  the  overs  going  to  more  tables 
and  the  throughs  to  two  Callow  cleaner  cells  in  series. 

The  pulp  thickener  overflow  is  sent  through  another 
thickener,  and  the  overflow  from  this  is  caught  in  a  series  of 
settling  boxes,  the  resulting  material,  called 'slimes',  being  a 
marketable  product. 

The  cleaner  Callow  tails  are  returned  to  circuit,  and  the 
concentrates  go  to  a  series  of  sand  and  slime  tables. 

All  table  concentrate  are  sent  to  the  concentrate  filter, 
and  all  table  tails  are  reground  in  the  pebble  mill. 

The  screens  employed  are  usually  wire  cloth  hexagonal 
trommels,  though  for  the  future  silk  screens  are  contemplated. 

The  flotation  oils  are  pine,  creosote,  and  coal  oil.  A 
variety  of  oils  were  experimented  with  but  it  was  found  that, 
with  this  particular  ore,  the  best  results  were  obtained  by  us- 
ing pine  oil,  whose  presence  cuts  the  total  oil  consumption 
almost  in  half. 

Power  is  supplied  by  a  4-cycle  160  h.  p.  Diesel  engine, 
which  has  given  great  satisfaction.  The  running  cost  is  only 
1.5  cents  per  horse  power  hour. 
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All  units  are  so  arranged  that  any  screen,  table,  cell, 
thickener,  etc.,  can  be  cut  out  or  switched  across. 

The  filtered  concentrate,  which  runs  from  70  to  75  per  cent 
carbon  is  fed  by  a  screw  conveyor  to  a  revolving  Cutler  type 
tubular  steam  drier,  and  thence  by  another  similar  conveyor 
to  the  finishing  department.  The  finishing  department,  in 
which  all  grades  suitable  for  the  various  graphite  products  are 
produced,  is  in  some  ways  more  complex  than  the  mill  flow- 
sheet. In  brief,  the  processes  comprise  buhring,  rolling,  sizing 
over  many  screens,  and  air  floating. 

The  finishing  or  refining  of  graphite,  which  is  a  dry  pro- 
cess, has  not  changed  very  materially  since  the  early  days 
of  the  industry,  the  main  improvements  being  additional  units 
and  better  screens.  The  Quebec  Graphite  Company  use  both 
rolls  and  buhr  stones,  and  a  series  of  Seek  screens,  the  features 
of  the  latter  being  that  they  are  built  in  removable  sections, 
and  have  an  internal  air  fan  to  reduce  blinding  to  a  minimum 
— for  to  keep  a  150  mesh  silk  screen  clear  naturally 
presents  many  difficulties. 

The  grades  produced  by  this  company  include  four  air 
float  products,  six  buhr  mill  products,  three  roll  products,  and 
two  natural  products.  These  range  from  a  plus  80  running 
95  per  cent  carbon,  to  an  impalpable  dust  containing  65  per 
cent  carbon. 

An  average  of  45  per  cent  of  the  graphite  recovered  is  No.  1. 
The  total  recovery  is  at  present  about  80  per  cent  of  the 
mill  feed,  with  indications  that  this  can  be  improved  upon. 

Although  at  present  the  aim  is  to  produce  only  No.  1  and 
the  finest  high  grade  dusts,  a  large  quantity  of  No.  2  and  No.  3 
(between  80  and  200  mesh)  is  obtained  automatically.  Now- 
a-days  these  products  are  a  glut  on  the  market,  and  if  they  can 
be  sold  at  all,  it  is  only  at  prices  far  below  the  cost  of  their  pro- 
duction. The  graphite  producer  must,  therefore,  practically 
disregard  them  and  make  No.  1  bear  almost  the  whole  of  his 
costs — unless  of  course,  he  can  economically  retreat  and 
regrind  these  middle  grades.  This  being  the  case,  it  is  clear 
that,  unless  the  deposits  be  abnormally  rich,  there  are  not 
many  producers  on  the  continent  who,  in  normal  times,  will 
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make  any  profits  so  long  as  the  practice  which  has  hitherto  been 
followed  is  persisted  in.  The  numerous  derelict  graphite  mills 
in  Canada  and  the  United  States  are  eloquent  testimony  of 
over-optimism  and  disregard  of  important  facts. 

The  establishment  of  such  an  industry  will  entail  much  re- 
search work,  and  the  expenditure  of  a  great  deal  of  time  and 
careful  attention.  Prejudice  against  the  use  of  Canadian  gra- 
phite will  have  to  be  combatted  and  overcome.  It  is  the  firm 
belief  of  the  producers  that,  for  the  manufacture  of  such  pro- 
ducts as  are  referred  to  below,  domestic  graphite,  when  properly 
prepared  and  graded,  is  as  good  as,  and  in  many  respects  is 
superior  to  any  in  the  world.  For  example,  before  the  war  the 
writer  was  shipping  graphite  to  several  points  in  Europe  and 
the  United  States,  and  the  general  verdict  was  that  the  Bucking- 
ham flake  produced  the  highest  grade  lubricants. 

Encouraged  by  these  considerations,  at  least  two  Canadian 
concerns,  the  Black  Donald  and  the  Quebec  Graphite  companies, 
have  recently  entered  the  manufacturing  field  and  are  turning 
out  products  of  a  superfine  quality.  A  brief  reference  to  some 
of  these  products  may  be  of  interest.  First,  however,  it  may  be 
well  to  note  some  of  the  distinguishing  characters  of  graphite, 
on  which  its  use  in  these  products  depends.  Graphite  has  the 
lowest  co-efficient  of  friction  of  any  known  solid.  It  is  not 
attacked  by  any  known,  acid,  alkali,  or  gas,  and  is  unaffected  by 
intense  heat,  extreme  cold,  or  rapid  changes  of  temperature,  its 
temperature  of  combustion  in  air  being  about  1,000  degrees  C. 
Finally,  it  is  tough  and  pliable,  and  is  a  good  conductor  both  of 
heat  and  electricity. 

Graphite  Products 

Graphite  Lubrication  —  A  consideration  of  the  above 
mentioned  characters  of  the  mineral  at  once  suggests 
why  graphite  is  such  an  extremely  efficient  lubricant. 
It  readily  adheres  to  surfaces  in  bearing  contact,  and 
owing  to  its  pliability,  permanently  fills  all  the  mi- 
croscopic irregularities  which  are  invariably  present  in  even 
the  smoothest  of  such  surfaces,  forming  a  new  and  practically 
plane  surface  of  graphite  which  cannot  be  squeezed  out  even 
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under  the  heaviest  pressure.  Friction,  which  is  thereby  con- 
fined to  two  smooth  graphite  surfaces,  is  reduced  to  a  minimum, 
and  a  much  smaller  amount  of  oil  or  grease  is  required,  the 
saving  often  amounting  to  25  per  cent  or  more.  The  wear  and 
tear  also  is  now  almost  entirely  on  the  graphite  instead  of  on 
the  surface  of  the  metal. 

The  presence  of  graphite  also  considerably  reduces  'seizing', 
or  'cutting'  action.  It  efficiently  lubricates  bearings  subject  to 
intense  heat  or  cold,  where  the  use  of  oil  or  grease  is  not  possible. 
Bearings  that  continually  run  'hot'  can  usually  be  cured  by  its 
application.  As  a  dry  powder,  also,  it  is  ideal  for  wooden  sur- 
faces subject  to  rubbing  contact.  The  list  of  piuposes  for  which 
graphite  lubrication  is  peculiarly  adapted  might  be  greatly  ex- 
tended did  space  permit. 

A  graphite  oil  mixture  should  not  be  used  in  cases  where 
the  lubricant  is  fed  through  tubes  or  a  needles  valve,  since  the 
settling  of  the  graphite  will  clog  the  feed;  nor,  of  course,  can  a 
graphite  lubricant  be  safely,  used  in  electrical  machinery.  The 
writer's  experience  has  been  that  there  is  a  considerable  lack  of 
knowledge  of  the  theory  of  graphite  lubrication,  with  the  result 
that  its  use  has  at  times  been  harmful  rather  than  beneficial. 
The  tendency  is  to  apply  it  in  too  large  quantities,  whereas  10 
per  cent  with  greases  and  5  per  cent  with  oils  is  usually  ample. 
It  must  be  remembered  that  once  the  graphite  veneer  (which 
should  be  gradually  built  up)  is  formed,  any  further  graphite 
introduced  goes  to  waste,  and  is  liable  to  clot. 

Three  grades  of  Canadian  lubricating  graphite  are  now  be- 
ing manufactured:  a  coarse  flake  for  heavy  machinery  and  open 
bearings,  a  finer  flake  for  closer  fitting  bearings,  and  an  'auto- 
graphite',  a  specially  prepared  impalpable  powder  which  is  used 
for  delicate  mechanisms,  slide  valves,  piano  actions,  etc. 

Oil-less  Bearing  Compound  —  This,  another  recent  product 
from  Buckingham  graphite,  is  a  very  finely  pulverized  high 
grade  flake,  mixed  with  a  lubricant  binder  that  sets  hard  when 
dry  and  remains  in  place  in  the  bearing. 

Special  brass  bearings  are  made  by  some  firms,  grooved  on 
the  inside  to  take  and  retain  this  compound.  Its  use  in  this 
way  leads  to  a  great  saving  in  oil,  and  also  in  labour.     It  is  to  be 
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regretted  that  hardly  any  Canadian  firms  manufacture  these 
oil-less  bearings,  although  there  is  quite  a  demand  for  them  and 
they  are  comparatively  easy  to  make.  One  of  their  chief  uses 
is  for  trolley  wheel  bearings  of  electric  cars. 

Pipe  Joint  Compound — The  fact  that  a  mixture  of  pure 
graphite  and  linseed  oil  forms  an  efficient  pipe  joint  compound 
has  been  known,  though  perhaps  not  very  generally,  for  some 
time.  It  is  used,  and  it  functions,  in  the  same  manner  as  red 
or  white  lead,  but  it  has  many  advantages  over  these  materials. 

A  red  lead  joint  becomes  hard  and  set  after  it  has  been  made 
and  requires  a  considerable  amount  of  force  to  unmake  it,  a  pro- 
cess accompanied  more  often  than  not  by  the  straining  or 
breaking  of  joints  or  fittings,  and  also  by  damage  to  tools.  "With 
a  graphite  compound,  on  the  other  hand,  a  perfectly  sealed  joint 
is  obtained  that  is  easily  unmade  even  after  the  elapse  of  several 
years,  since  the  graphite  being  inert,  cannot  set  hard.  Owing 
to  this  factor  also,  it  is  unaffected  by  intense  heat  or  cold,  and 
for  this  reason  graphite  compound  has  been  successfully  applied 
to  spark  plug  threads.  It  not  only  enables  the  latter  to  pre- 
serve the  compression  but  permits  also  of  easy  removal  no 
matter  how  hot  the  engine  may  be. 

Another  advantage  claimed  for  the  graphite  compound  is 
that,  owing  to  its  high  lubricating  quality,  threads  can  be  screw- 
ed home  considerably  further  than  when  red  lead  or  similar 
materials  are  employed.  Also  it  can  be  used  indiscriminately 
on  air,  steam,  water,  or  gas  joints. 

There  can  be  no  question  that  all  industrial  plants,  and 
especially  mines  and  mills,  that  have  constantly  to  change  their 
piping,  would  derive  great  benefit  from  the  use  of  this  compound, 
which  is  another  of  the  new  products  now  manufactured  in  the 
Buckingham  district. 

Stove  Polish  —  The  two  chief  ingredients  of  stove  polish 
are  graphite,  which  imparts  the  lustre,  and  a  binder,  which  holds 
the  material  in  place.  Since  the  former  has  to  be  in  a  very 
finely  divided  state,  the  amorphous  variety  is  generally  used, 
with  the  addition  of  a  little  crystalline  to  increase  the  lustre. 
As  a  result,  however,  of  recent  developments  in  the  refining 
of  flake  graphite,  whereby  it  can  be  ground  to  a  very  fine  powder 
and  then  air  floated,  the  quantity  of  amorphous  can  now  be 
considerably  reduced,  or  it  can  even  be  eliminated. 
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The  resulting  polish  is  more  brilliant  and  enduring,  but  is 
somewhat  greyer  in  appearance.  Although  there  are  so  many 
firms  making  stove  polish,  very  few  graphite  producers,  on  this 
continent  or  elsewhere,  have  entered  the  business.  It  is  there- 
fore of  interest  to  note  that  at  least  one  Canadian  producer  is 
now  making  a  polish  that  meets  every  requirement. 

Foundry  Facings  —  Next  to  the  crucible  industry,  the 
greatest  consumption  of  graphite  is  in  the  form  of  foundry 
facings,  or  'foundry  plumbago'  as  it  is  known  in  the  trade. 
This  consists  usually  of  graphite  and  a  binder,  and  is  applied 
to  the  surface  of  the  sand  moulds  into  which  the  castings  have 
to  be  poured.  It  prevents  the  adhesion  of  the  molten  metal 
to  the  moulds,  and  at  the  same  time  gives  a  smooth  polish  to 
the  casting.  The  higher  grade  the  facing,  the  better  will  be 
the  finished  article,  and  consequently  less  machinery  will  have 
to  be  applied  to  finish  it  off. 

To  secure  the  best  results,  the  facing  must  adhere  firmly  to 
the  mould,  and  unless  it  has  been  properly  compounded,  the  hot 
metal,  which  immediately  dries  the  sand  of  the  mould,  will  wash 
away  the  facing  in  front  of  it,  causing  bad  castings,  and  pockets 
at  the  ends  where  all  this  faulty  facing   will   have  collected. 

The  slow  combustion  of  the  graphite  in  contact  with  the 
molten  metal  creates  a  gas  film  along  which  the  metal  flows. 
Poor  facings  that  are  made  up  of  ground  coal,  lamp  black,  ex- 
cess of  amorphous  or  similar  material,  burn  off  to  rapidly,  there- 
by liberating  so  great  a  volume  of  gas  that  it  is  unable  to  escape. 
This  is  the  cause  of  'cold  shuts'  and  'blows',  which  often  form 
weak  spots,  and  which,  unfortunately,  are  too  often  met  with 
at  the  present  day. 

Too  rapid  combustion  is  also  apt  to  cause  the  facing  to 
burn  out  before  the  metal  has  set,  with  consequent  danger  of 
its  adhesion  to  the  mould. 

The  proper  selection  of  an  infusible,  absorbent  binder,  and 
the  determination  of  the  right  proportion  of  graphite,  are  both 
very  important  points  to  consider  in  making  furnace  facings. 
The  composition  will  vary  somewhat  according  as  the  castings 
are  light,  medium,  or  heavy.  The  method  of  application  is  also 
variable,  the  material  being  either  applied  by  dusting  it  on  dry, 
and  then  smoothing  or  'slicking'  it  on  with  the  hand  or  a  trowel, 
•or  it  is  mixed  with  molasses  and  painted  on  with  a  brush. 
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After  a  considerable  amount  of  experimental  work,  a  very 
satisfactory  line  of  foundry  facings  is  now  being  made  from 
Canadian  graphite.  There  is  considerable  divergence  of  opin- 
ion, however,  as  to  what  constitutes  the  ideal  'plumbago'. 
The  writer  has  submitted  samples  of  identical  composition  to 
a  number  of  foundries,  and  received  reports  from  some  that  it 
was  entirely  satisfactory,  whereas  others  stated  that  it  was  of  no 
use.  Even  a  change  of  foreman  in  the  same  foundry  has  in 
some  cases  led  to  a  complete  reversal  of  opinion.  It  would  thus 
appear  that,  in  large  measure  at  least,  personal  prejudice  deter- 
mines what  constitutes  the  most  suitable  composition. 

Some  other  uses  for  graphite  —  Graphite  is  used  in  a  great 
many  products  in  addition  to  those  referred  to  above,  and  in 
the  near  future  many  of  them  will  be  manufactured  in  the 
Buckingham  district. 

During  the  past  year  Canadian  graphite  has  been  used  for 
the  following  purposes  among  others :  Coarse  flake  for  asbestos 
and  metal  packings,  medium  flake  for  electrical  contacts,  wire 
rope  internal  lubrications,  graphite  dusts  for  paints,  electro- 
typing,  polishing  bottoms  of  water  craft,  and  polishing  powder 
and  shot. 

Flake  graphite  has  not  yet  been  successfully  used  for  pen- 
cil making;  in  this  industry  the  amorphous  variety  is  used 
almost  exclusively. 

Some  Causes  of  Low  Market  Prices 

As  has  been  mentioned  before,  one  of  the  most  difficult 
problems  confronting  the  graphite  producer  today  is  to  find  a 
market  for  his  output  or  products. 

As  a  result  of  the  impossibility  of  obtaining  the  customary 
imports  from  overseas,  there  was  tremendous  activity  in  gra- 
phite mining  on  this  continent  during  the  latter  part  of  the  war.. 
It  is  stated  that  in  Alabama  alone  there  were  thirty  mills  in  oper- 
ation. The  price  of  No.  1,  or  crucible  flake  rose  to  18  and  20 
cents  per  pound  from  the  pre-war  level  of  6  to  8  cents.  One 
consequence  of  this  was  that  the  value  of  the  Canadian  output 
of  graphite  for  1917  established  a  record.  In  1918  the  pro- 
duction of  domestic  flake  decreased,  and  then,  a  few  months 
after  the  armistice,  the  market  became  dead.    This  was  due- 
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chiefly  to  the  release  of  thousands  of  tons  of  Madagascar  and 
Ceylon  graphite,  which  had  been  accumulating  in  those  coun- 
tries, and  in  lesser  degree  to  the  vast  stocks  at  the  now  derelict 
mines  throughout  the  American  continent — stocks  which,  in 
many  cases,  could  hardly  be  given  away.  Also,  of  course,  the 
abnormal  war  production  of  crucibles,  etc.,  suddenly  ceased. 
Naturally,  prices  rapidly  dropped  to  pre-war  rates,  or  even  low- 
er. It  is  reported  that  there  still  remain  in  New  York  dock 
yards  some  25,000  to  30,000  tons  of  Ceylon  and  Madagascar 
graphite.  It  is  not  necessary  to  look  further  for  an  explana- 
tion of  the  prevailing  lack  of  demand. 

So  far  as  this  affects  the  Canadian  mines,  the  net  result  is 
that,  in  the  majority  of  cases,  prices  have  now  fallen  below  the 
cost  of  production.  The  position  is  further  aggravated  by  the 
tendency  of  the  several  producers  to  work  against  one  another, 
and  the  resulting  unduly  keen  competition  keeps  market  prices 
down  at  an  impossible  figure. 

Mutual  Co-Operation  of  Graphite  Producers 

The  industry  would  probably  benefit  greatly  if  some  form 
of  mutual  co-operation  among  producers  could  be  devised. 
For  example,  such  co-operation  might  lead  to  the  formation  of  a 
manufacturing  and  selling  organization,  in  which  the  users  as 
well  as  the  producers  of  graphite  would  have  an  interest. 
This  would  ensure  a  regular  market,  and  a  series  of  standard 
prices,  grades,  and  manufactured  products. 

It  would  seem  that  the  policy  adopted  in  most  cases  hither- 
to has  been  for  individual  concerns  to  commence  operations 
without  having  first  carefully  studied  the  market  conditions. 
Another  trouble  has  been  that  the  products  delivered  have  not 
always  been  up  to  standard.  Such  practices  are  not  calculated 
to  establish  the  graphite  industry,  nor  to  overcome  the  present 
comparatively  small  demand  for  manufactured  products. 

A  campaign  should  be  initiated  to  inform  the  public  more 
fully  concerning  the  numerous  uses  there  are  for  graphite  pro- 
ducts, and  of  the  great  advantages  such  products  have,  in  many 
cases,  over  similar  articles  containing  no  graphite.  What  little 
has  been  done  in  this  direction  is  chiefly  due  to  the  untiring  ener- 
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gies  of  that  pioneer  of  the  graphite  industry,  the  Joseph  Dixon 
Company,  of  New  Jersey,  the  number  of  whose  products  must 
nearly  approach  to  one  hundred. 

In  a  concentrated  area,  Canada  has  vast  fields  of  graphite 
the  bulk  of  which  is  as  yet  untouched.  The  graphite  is 
superior  to  any  on  the  American  continent,  and  for  certain  uses, 
such  as  lubricants,  superior  to  any  in  the  world.  Our  compara- 
tively insignificant  production  is  to  be  attributed  largely  to  lack 
of  co-operation,  disregard  of  probable  markets,  and  somewhat 
misdirected  application.  It  is  sincerely  to  be  hoped  that  now, 
after  seventy  years  of  failure  and  disappointment,  the  time  is 
approaching  when  the  graphite  producers  will  get  together 
openly  and  co-operate  both  for  their  own  benefit  and  for  that 
of  the  industry. 


MICA 
AS  MiriED  AND  TREATED  FROM  THE  BLACKBURN 

MINE 

By  H.  L.  Forbes 

General  Annual  Meeting,  Montreal,  March  1921. 

The  principal  mica  producing  countries  in  order  of  pro- 
duction are,  India,  Canada,  and  the  United  States.  Mica  is 
also  mined  to  a  lesser  extent  in  South  America,  East  Africa, 
and  recently,  the  discovery  of  large  deposits  have  been  re- 
ported from  the  Island  of  Madagascar. 

Canada  has  been  the  chief  producer  of  Phlogopite,  or,  as 
it  is  known  to  the  trade,  'Amber  Mica.'  Practically  all  of 
this  mica  has  been  produced  in  the  Dominion  within  a  radius 
of  one  hundred  miles  of  Ottawa,  in  the  Province  of  Quebec, 
to  the  north  of  that  centre,  and  in  the  counties  of  Frontenac 
and  Lanark,  Ontario,  to  the  south  of  it.  In  colour  amber  mica  is 
brown,  or  yellowish  brown,  has  high  cleavage,  and  in  general 
is  softer  than  white  mica. 

With  few  exceptions,  mica  mining  in  Canada  has  been 
carried  on  by  the  simplest  and  most  primitive  methods.  Very 
few  mines  have  got  beyond  the  hand-drilling  and  derrick 
stage. 

This  is  due  in  the  main  to  uncertainty  in  respect  of  the 
regularity  of  the  mica  deposits,  and  to  the  fact  that  those 
engaged  in  this  industry,  are  as  a  rule  persons  of  small  capital 
and  with  little  knowledge  of  practical  mining.  The  dressing 
of  the  mica,  once  mined,  requires  very  little  outlay,  and  con- 
sequently this  is  an  inducement  to  men  of  small  means  to  work 
the  surface  showings.  The  result  is  that  surface  deposits  are 
opened  and  developed  until  from  the  pinching  of  the  vein  the 
quantity  of  available  mica  ceases  to  pay  for  operation, 
and  work  is  then  discontinued.  Or,  suspension  of  operations 
may  be  forced  by  hoisting  difficulties  or  an  increase  in  costs 
from  the  infiltration  of  water.  Hence  the  mining  district  is 
dotted  with  hundreds  of  abandoned  pits  of  from  ten  to  fif- 
teen feet  deep. 

(143) 
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At  the  Blackurn  mine,  with  which  the  writer  is  connected, 
modern  equipment  and  methods  of  mining  have  been  intro- 
duced with  profitable  results.  This  mine  is  situated  about 
eighteen  miles  north  of  Ottawa  in  the  Province  of  Quebec, 
and  midway  between  the  Gatineau  and  the  Lievre  rivers,  and 
about  the  centre  of  this  mica  producing  area.  The  first  pit 
at  the  Blackburn  mine  was  opened  in  1882  for  the  mineral 
apatite  or  phosphate.  The  mica  encountered  in  association 
with  the  phosphate,  except  for  the  largest  crystals,  was  con- 
sidered waste,  and  went  to  refuse  dumps.  The  mine  was 
worked  for  phosphate  until  the  early  nineties  when  the  dis- 
covery of  large  deposits  of  phosphate  in  the  southern  United 
States  depreciated  the  value  of  the  Canadian  phosphate  to 
such  an  extent  that  mining  became  unprofitable.  During  the 
period  of  operation  above  mentioned  many  thousand  tons  of 
phosphate  were  mined,  and  was  hauled  some  fourteen  miles 
by  team  to  the  Ottawa  river  and  there  loaded  into  scows  and 
shipped  to  Montreal,  where  it  was  transhipped  to  Great 
Britain. 

"While  the  decline  in  the  value  of  rock  phosphate  was  both 
sharp  and  sudden,  the  rise  in  the  value  of  mica  at  about  this 
time  was  equally  marked.  This  was  due  to  the  wonderful 
development  that  was  then  taking  place  in  electrical  mach- 
inery, into  the  construction  of  which  entered  on  account  of 
its  insulation  properties,  a  large  percentage  of  the  mica  pro- 
duced. In  fact,  it  was  difficult  for  a  time  to  get  sufficient  large 
sheet  mica  to  meet  the  increasing  demand.  In  1894  the  in- 
vention of  'Micanite'  or  mica-board,  whereby  the  smaller 
grades  of  mica  could  be  utilized,  by  being  built  up  into  large 
sheets,  greatly  stimulated  the  mica  industry. 

After  being  closed  down  for  a  few  years,  during  which 
time  the  dumps  were  worked  for  mica,  the  mine  was  un- 
watered  in  1896,  and  since  then  mining  operations  have  been 
carried  on  for  mica,  the  phosphate  being  mined  along  with 
the  mica  as  a  bye-product. 

The  mica  and  phosphate,  occur  in  and  near  the  eastern 
contact  of  a  grey  pyroxenite  dyke  of  undetermined  width,  cut- 
ting through  a  dark  biotite  gneiss,  having  a  strike  north-west 
by  south-east.  The  pyroxenite  itself  is  intersected  by  felspar 
veins;  and,  it  is  usually  adjacent  to  these  felspar  veins  that  the 
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crystals  of  mica  are  found  embedded  in  apatite  and  calcite. 
The  deposits  occur  in  pockets  or  chimneys.  The  pockets  are 
usually,  through  not  always,  connected  with  one  another  by 
stringers  of  vein  matter — mica,  apatite,  or  calcite. 

This  deposit  was  first  worked  by  means  of  an  open  pit 
with  two  cable  hoists.  The  pit  was  developed  to  a  depth  of 
one  hundred  and  twenty  feet  in  width  and  four  hundred  in 
length.  From  the  deepest  and  southern  end  of  this  pit  a  drift 
was  run  some  five  hundred  feet  and  galleries  stoped  out  to  a 
height  of  fifty  feet.  Along  the  drift  a  winze  was  sunk  another 
one  hundred  feet,  and  d  fferent  levels  every  fifty  feet  have 
been  run  in  a  southerly  direction,  the  mica  deposits  where 
encountered  being  stoped  out.  This  old  pit  produced  large 
and  exceptionally  well  formed  crystals  of  soft  light  coloured 
mica,  generally  conceded  to  be  the  finest  amber  mica  produced 
in  Canada.  In  places  the  deposits  were  very  extensive.  Be- 
cause of  the  accumulation  of  ice  and  snow  the  open  cut  method 
of  mining  was  found  to  be  very  unsatisfactory  during  the  win- 
ter   months. 

The  pit  at  present  worked  is  situated  about  half  a  mile 
north-east  of  the  first  pit.  The  deposit  here  is  a  well  defined 
vein  of  calcite,  mica,  and  phosphate  through  pyroxenite  at  its 
contact  with  gneiss.  This  vein  has  a  strike  of  north-east  by 
south-west,  dips  60  degrees,  to  the  south,  and  has  an  average 
width  of  about  five  feet 

In  mining  this  deposit  a  shaft,  6  ft.  x  10  ft.  has  been  sunk 
on  an  angle  of  incline  and  from  this  levels  along  the  vein  are 
driven  every  fifty  feet.  After  the  levels  have  been  developed 
to  the  desired  distance,  they  are  timbered  and  lagged,  and 
chutes  are  provided  for  over-head  stoping.  It  may  be  re- 
marked that  the  vein  lends  itself  particularly  well  to  this 
system  of  mining,  which  has  been  found  to  be  both  cheap 
and   economical. 

In  mining  mica,  care  must  be  exercised  to  avoid  destroy- 
ing the  mica  crystals  by  drilling  through  them,  and  a  minimum 
amount  of  explosives  should  be  used  so  as  not  to  shatter  the 
mica.  By  over-head  stoping  the  mica  is  recovered  with  less 
drilHng  and  less  shooting  than  by  any  other  method.  The 
drill  holes  are  generally  driven  in  the  vein  near  the  wa'ls,  as 
less  mica  is  encountered  there.    This  system  of  mining  allows 
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the  face  of  the  deposit  to  be  kept  clean  and  dry.  A  clean  face 
allows  well  formed  crystals  of  mica  to  be  more  easily  recog- 
nized and  they  can  be  recovered  with  the  least  damage  to 
them.  The  face  is  kept  dry,  as  wet  holes  for  drilling  are  not 
required,  and  water  does  not  accumulate  on  the  crystals. 
Dirty  water  percolates  through  the  laminae  of  the  mica,  and 
thereby  damages  it  to  that  extent.  Only  enough  broken 
ground  is  removed  through  the  chutes  to  keep  the  driller  a 
convenient  working  distance  from  the  face  of  the  deposit,  im- 
til  the  raise  is  stoped  out  in  that  section.  If  the  vein  pinches 
to  an  unprofitable  width,  or  a  'horse'  interposes,  the  nar- 
rowed vein  or  'horse'  is  not  removed,  but  is  allowed  to  remain 
as  a  pillar.     In  this  way  very  little  timbering  is  required. 

Here,  as  well  as  in  the  first  pit  described,  the  most  per- 
fectly formed  mica  crystals  are  found  in  the  calcite.  Dis- 
torted and  crushed  mica  is  found  where  the  crystals  have  been 
massed  together,  thereby  affording  them  insufficient  room  to 
crystallize  out  without  interfering  with  one  another.     - 

The  large  and  best  crystals  of  mica  are  removed  as  mined, 
but  the  greater  bulk  of  the  mica  mixes  with  the  rock,  and  is 
run  out  of  the  chute  below  into  a  car,  trammed  to  the  skip, 
which  hoists  it  to  the  surface. 

The  material  from  the  mine  is  dumped  on  a  platform 
on  deck.  Here  the  mica  and  phosphate  are  picked  out  from 
the  rock.  The  mica  goes  to  the  cobbing  shed  on  one  side  and 
the  phosphate  into  a  bin  on  the  other,  and  the  rock  into  a  car 
that  takes  it  to  the  dump.  By  separating  out  the  mica  at  the 
surface  instead  of  in  the  pit  there  is  the  advantage  of  better 
light  for  this  work,  and  it  can  be  performed  by  a  class  of  labour 
that  would  not  work  under-ground. 

The  power  for  operating  the  mine  is  developed  by  a  hydro- 
electric plant  situated  on  a  stream  flowing  into  McGregor 
lake,  some  two  miles  from  the  mine.  A  concrete  dam  and 
flume  were  built,  and  a  vertical  water  wheel  installed  under 
an  eighteen  foot  head,  which,  through  a  counter  shaft  is  belted 
to  a  150  H.P.  generator,  which  generates  current  at  2400  volts. 
This  current  is  transmitted  to  the  mine  by  three  phase  over 
No.  4  copper  wire,  which  delivers  it  at  about  2200  volts.  Here 
transformers  step  it  down  to  550  volts,  to  operate  a  75  H.P. 
Rand   compressor,  which  supplies  air  for  drilling.    Current 
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at  this  voltage  is  also  used  to  drive  a  20  H.  P.  variable  speed 
induction  motor  for  hoisting. 

For  unwatering  the  mine,  well  insulated  wires  with  the 
above  voltage  are  carried  down  the  shaft  to  the  fifth  level  to  a 
7 1^  H.  P.  motor,  geared  to  a  Deane  pump.  Current  at  110  volts 
is  used  for  lighting  and  operating  various  other  smallmotors. 

For  sinking  and  driling  Ingersoll-Rand  Jackhammer  drills 
are  used,  and  Rand  stoping  drills  of  the  air-hammer  type  are 
used  for  stoping. 

The  mica  is  rough  cobbed  or  dressed  at  the  mine  by  men 
or  boys  seated  at  a  narrow  table,  who  break  away  all  waste 
mineral  or  cracked  or  distorted  edges  attached  to  the  crystals 
by  means  of  a  small  hammer,  or  a  stout  knife,  or  with  their 
hands.  They  are  instructed  to  keep  the  crystals  as  thick  as 
possible  while  doing  this  work,  as  every  time  a  crystal  is  split 
two  new  faces  or  films  are  exposed  which  may  become  dirty  in 
the  transportation  of  the  mica  to  Ottawa,  which  means  a  loss, 
as  these  soiled  faces  must  be  removed  before  the  mica  is  mar- 
ketable. The  rough  cobbing  usually  rejects  about  fifty  per 
cent  of  the  mica  mined,  and  this  goes  to  the  waste  mica  dump. 
The  rough  cobbed  mica  is  packed  in  barrels  and  shipped  to  the 
factory  at  Ottawa.  The  amount  of  rough  cobbed  mica  put 
up  by  a  cobber  in  a  day  ranges  from  six  hundred  to  a  thousand 
pounds. 

At  the  Ottawa  factory  the  mica  is  dressed,  graded,  and 
split  for  market.  This  work  is  mostly  done  by  female  labour. 
The  mica  as  it  comes  from  the  mine,  first  receives  its  finished 
cobbing  or,  as  it  is  called,  thumb-trimming.  This  is  done  by 
splitting  the  crystals  to  about  1-16  of  an  inch,  and  all  soiled 
and  defective  faces  are  removed  as  well  as  imperfect  edges 
on  the  crystal.  This  work  is  done  with  the  thumb  and  finger, 
and  a  sharp  pointed  knife.  The  thumb-trimmed  mica  then 
goes  to  the  graders,  who  sort  it  out  into  different  grades,  which 
are  determined  by  the  area  of  clear  cut  the  piece  will  give. 
The  Canadian  grading  of  Amber  mica  is  as  follows: 

l-in.  X  1-in.  grade  or  a  sheet  that  will  give  from  1-2  sq.  inches  of  clear  mica. 

1-in.  X  2-in.  " 

1-in.  X  3-in.  " 

2-in.  X  3-in.  " 

2.in.  X  4-in.  " 

3-in.  X  5-in.  " 

4-in.  X  6-in.  " 

5-in.  X  8-in.  " 


2-3   " 

<(        <( 

3-6    " 

6-8    " 

8-15    " 

15-24    " 

24-40    " 

40    " 

(.        (< 
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Anything  above  5-in.  x  8-in.  are  exceptional  sizes. 

This  differs  from  the  method  of  grading  in'India,  which  is 
done  by  numbering;  their  smallest  grade  No.  6  corresponding 
to  our  1-in.  x  1-in.  grade. 

Considerable  experience  in  handling  mica  is  required  to 
sort  out  the  different  grades  quickly  and  satisfactorily.  This 
work  is  usually  done  by  girls,  to  whom  the  mica  comes  from 
the  cobbers.  They  sit  surrounded  by  boxes  to  receive  the 
different  grades,  into  which  it  is  tossed,  after  a  glance  to  de- 
termine where  it  belongs.  These  graders  also  discard  any 
defective  mica  that  may  have  passed  the  cobbers.  An  average 
days  work  for  a  cobber  is  eighty  pounds  of  thumb  trimmed  mica, 
and  that  of  a  grader  about  two  hundred  and  fifty  pounds  on 
run  of  mine  mica.  The  thumb-trimmed  mica  when  packed 
in  cases  is  ready  for  market,  and  in  this  state  most  of  the 
large  sizes  are  sold.  Some  of  the  smaller  sizes  are  also  sold  as 
thumb- trimmed,  and  used  for  cutting  to  size  and  punching; 
but  the  major  portion  of  the  mica  under  three  square  inches 
is  turned  into  splittings  before  being  marketed.  To  split 
these  smaller  grades  of  mica,  it  must  first  be  knife- trimmed  to. 
give  a  straight  edge  for  the  splitter  to  work  upon.  This  knife 
trimming  is  done  by  hand-knives  of  the  guillotine  type,  and  by 
power  driven  machines.  The  hand  knives  are  only  used  on 
large  size  mica,  and  for  special  work.  It  wastes  more  than  the 
machines  do,  and  the  possibilities  of  accidents  to  the  fingers 
of  the  operator  is  much  greater  than  with  the  machine  knives. 
Briefly  described,  the  machine  knife  consists  of  a  circular  disc 
with  a  rim,  faced  on  one  side,  and  having  projecting  ribs  on 
the  other,  that  act  as  a  fan  when  the  disc  rotates.  The  disc 
is  keyed  to  a  shaft  provided  with  a  tight  and  loose  pulley  with 
which  it  revolves.  On  the  face  of  the  disc  a  slot  three  inches 
wide  extends  across  the  centre  of  the  face.  This  slot  forms 
a  seat  for  a  knife,  whose  cutting  edges  extends  out  from  the 
p' ate  about  1-32  of  an  inch,  but  this  distance  can  be  adjusted, 
by  the  screws  that  holds  the  knife  to  the  disc  to  suit  the  mica 
that  is  being  trimmed.  The  whole  is  enclosed  in  a  fan  case, 
in  the  side  of  which,  next  to  the  knife,  is  a  long  narrow  slot,  and 
projecting  into  this  slot  and  attached  to  the  casing  by  adjusting 
screws  is  another  knife,  having  its  cutting  edge  projecting 
upwards.    As  the  disc  revolves  the  stationary  and  moving 
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knives  should  just  clear  one  another.  This  adjustment  can 
be  made  by  set  screws  with  lock  nuts,  that  act  against  brass 
caps  at  the  ends  of  the  shaft,  giving  the  disc  a  horizontal  travel. 
The  mica  is  inserted  in  the  slot  until  its  edge  touches  the  face  of 
the  disc.  The  revolving  knives  engaging  the  mica,  trim  the 
edges.  The  piece  is  turned  by  hand  until  all  the  edges  are 
trimmed.  The  slot  in  the  casing  is  not  wide  enough  to  allow 
the  operator's  fingers  to  come  in  contact  with  the  knives, 
thus  eliminating  accidents.  At  the  bottom  of  the  casing  is 
an  opening,  and  a  connecting  spout  which  passes  through  the 
floor  to  the  basement.  All  dust  and  trimmings  go  down  this 
spout  into  bags  and  are  col.'ected  as  scrap.  One  hundred 
pounds  is  the  average  amount  of  thumb  trimmed  mica  that 
is  put  through  one  of  theie  machines  in  a  day.  The  quantity 
varies  with  the  operator  and  the  class  of  mica  trimmed.  The 
percentage  of  waste  also  varies  with  the  quality  of  the  mica, 
the  usual  average  is  20%  at  the  Blackurn  factory. 

The  mica  is  now  knife-trimmed  for  splitting.    The  split- 
ting is  nearly  always  done  by  piece  work  at  so  much  per  pound. 
The  price  varies  inversely  as  the  size  of  the  grade.    The  larger 
grades  are  split  more  quickly      Each  female-operator  has  a 
definite  amount  of  thumb  trimmed  mica  weighed  out  to  her 
in  a  tin  box,  usually  ten  pounds.    The  operator  sits  at  a  table, 
having  directly  in  front  of  her,  a  sheet  of  No.   3  sandpaper 
tacked  to  the  table,  and  beyond  this  a  9-in.  x  9-in.  dressed  hard- 
wood block  1 H  inches  thick,  on  which  the  splitting  is  done. 
She  holds  in  her  right  hand  a  thin  sharp  pointed  two  faced 
knife,  having  a  blade  of  about  4  inches  long,  with  which  she 
does  the  splitting.    She  picks  up  the  mica  with  her  left  hand, 
and  rubs  one  edge  against  the  paper.    This  rubbing  opens  up 
the  laminae  of  the  mica  and  allows  the  knife  to  be  more  easily 
inserted.    The  splitter  then  holds  it  on  the  block  with  her  left 
hand,  and,  inserts  the  knife  over  the  bottom  film  of  the  mica 
with  a  sharp  quick  jab  ending  with  a  turning  motion.     This 
raises  the  edge  of  the  crystal  so  that  this  is  caught  with  the 
thumb  of  the  left  hand  and  completely  separated  from  the 
bottom  film,  which  is  held  down  by  the  blade  of  the  knife; 
this  operation  is  repeated  very  quickly.    The  average  amount 
of  mica  split  by  each  worker  per  day  on  1-in.  by  2-in.  grade 
is  seven  pounds.    Splitting  mica  requires  considerable  skill, 
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which  only  comes  with  patience  and  practice;  it  has  been  found 
that  girls  make  the  only  proficient  workers,  and  not  all  those 
that  undertake  splitting  mica  make  a  success  of  it. 

The  thickness  of  split  mica  should  be  around  one-thou- 
sandth of  an  inch,  the  usual  specification  are  as  follows:  A 
single  splitting  must  stand  bending  around  a  radius  ten  times 
its  thickness,  without  cracking;  maximum  thickness  .0015. 
A  certain  proportion  of  the  films  are  torn  in  splitting,  the  loss 
however,  should  not  exceed  10%  on  1-in.  x  2-in  knife-trimmed 
mica. 

The  mica  before  being  packed  goes  to  a  screen  placed  on 
an  inclined  shaking  table.  The  top  of  this  table  has  a  metal 
covering  and  turned  up  sides  six  inches  high ;  the  screen,  which 
is  set  in  a  frame,  is  fastened  to  the  table  about  half  way  up  the 
sides.  The  splittings  are  placed  on  the  upper  end  of  the 
screen;  the  shaking  of  the  table  causes  them  to  travel  to  the 
lower  end.  During  this  passage  any  dust,  corners,  or  under- 
sized splittings  go  through  the  screen  to  the  metal  lined  top 
of  the  table,  near  the  bottom  of  which,  is  a  slot  through  which 
this  waste  passes  into  a  box  or  bag.  The  shaking  motion  of 
the  table  is  produced  by  a  small  individual  motor  belted  to  a 
shaft,  having  an  eccentric  connected  by  an  arm  hinged  to  the 
table.  Four  thin  wooden  straps  hinged  to  the  body  of  the 
table  and  fastened  to  the  floor  act  as  legs  and  allow  the  table 
to  oscillate  The  splittings  as  they  travel  along  the  screen 
are  also  inspected  by  the  girl  feeding  the  table,  and  any  thick 
splittings  are  picked  out.  From  the  end  of  the  screen  the 
mica  drops  into  a  case  in  which  it  is  packed  for  shipment. 

The  split  mica  is  sold  to  different  firms  in  the  United 
States  and  Great  Britain,  who  use  it  to  build  up  mica  boards 
or  'Micanite'.  Briefly,  the  process  of  making  Micanite  from 
split  mica  is  as  follows:  The  splittings  are  treated  to  a  coat- 
ing of  shellac  which  acts  as  a  cement  or  binder,  and  more 
splittings  and  shellac  are  added  until  the  plate  is  built  up  to 
the  required  size  and  thickness.  It  is  then  steamed,  baked, 
and  submitted  to  intense  hydraulic  pressure.  After  it  is  dry 
baked  in  kilns,  it  goes  through  an  adjustable  sand-papering 
machine  which  mills  it  down  to  uniform  thickness.  The  plate 
then  can  be  cut  up  into  any  desired  size  to  suit  the  various 
purposes  for  which  it  is  used. 
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The  mica  waste  resulting  from  the  different  operations  in 
the  factory  is  collected  in  bags  and  sold  as  scrap.  Scrap  mica 
is  usually  ground  into  flour  in  which  form  it  has  numerous 
uses,  such  as  for  roofing  paper,  wall  paper,  as  an  adultrant 
in  hard  rubber,  for  tempering  steel,  lining  automobile  tires, 
and  various  other  uses,  the  number  of  which  is  constantly 
increasing. 

The  prevailing  prices  of  thumb  trimmed  mica  during  1920 
were  as  follows: 

1-in.  X  1-in.  thumb  trimmed  $  .15  to  $.20    per  lb. 


1-in.  X  2-in. 
1-in.  X  3-in. 
2-in.  X  3-in. 
2-in.  X  4-in. 
3-in.  X  5-in. 


.25  "  .30 

.40  "  .50 

.60  "  .75 

1.00  "  1.25 

2.00  "  2.50 


The  relative  proportions  of  the  various  grades  of  mica  a 
mine  produces  most  necessarily  depends  upon  the  nature  of 
the  deposit  worked.  The  pit  being  worked  at  the  Blackburn 
mine,  may,  however,  be  taken  as  a  good  average  type.  The 
records  covering  several  years  from  this  mine  on  thumb- trimmed 
mica  show  the  percentages  to  be  as  follows: — 


1-in.  X  1-in. 

grade 

44% 

1-in.  X  2-in. 

>> 

2Q% 

1-in.  X  3-in. 

>> 

15% 

2-in.  X  3-in. 

>  J 

9% 

2-in.  X  4-in. 

>> 

4% 

Larger  grades  make  up  the  balance,  namely,  two  per  cent. 

The  percentage  of  mica  when  it  reaches  the  thumb- 
trimmed  stage  approximates  one-third  of  the  mica  that  comes 
out  of  the  mine. 


SUGGESTIONS  FOR  INCREASING  THE  GOLD 
OUTPUT  OF  NORTHERN  ONTARIO. 

By  W.  E.  Simpson. 

One  of  the  world's  most  pressing  needs  at  the  present 
time  is  universal  re-ad justement  to  that  one  sound  basis  of 
finance  in  which  the  unit  of  gold  is  the  standard  of  value, 
and  Canada,  with  its  principal  goldfield  in  Northern  Ontario, 
is  the  one  country  from  which,  with  the  application  of  an 
abundance  of  well  directed  energy,  a  greatly  increased  pro- 
duction of  the  metal  can  confidently  be  expected. 

Suggestions  for  the  better  development  of  the  mineral 
resources  of  any  country  are  usually  both  varied  and  numerous, 
but  the  few  offered  in  this  paper  have  in  view  the  encourage- 
ment of  increased  action,  more  particularly  with  the  object 
of  bringing  benefits  to  the  energetic  owners  (individually) 
of  valuable  properties  and  thus  helping  to  retain  the  wealth 
in  the  country  to  which  it  naturally  belongs. 

To  the  ordinary  observer  a  conspicuous  feature  of  the 
mining  situation  in  Northern  Ontario  is  the  extent  of  the  re- 
putedly valuable  areas  in  which  no  work  whatever  is  doing,  and 
the  still  greater  other  areas  where  lone  mines  are  doing  all  the 
pioneering  although  surrounded  by  properties  of  possibly  equal 
potential  merit  that  are  lying  idle,  their  owners  doing  nothing  but 
resting  in  the  hope  that  industry  of  the  workers  may  bring  to 
them  a  fortune  which  they  have  done  practically  nothing  to  earn. 
Possibly  the  oft-repeated  reference  in  public  utterances  and 
in  literature  to  'unlimited  resources'  and  to  'encouragement 
of  capital'  offered  throughout  the  country  may  be  unconscious- 
ly germinating  the  mistaken  belief  that  vigorous  effort  is  un- 
necessary, and  that  everything,  including  fortune,  will  surely 
come  to  those  who  do  nothing  more  than  watch  and  wait. 
What  is  needed  is  an  awakening  to  the  realization  that  chance- 
wealth  comes  to  few,  that  increased  production  is  demanded 
of  gold  mining  as  of  every  other  industry,  that  the  present 
is  the  opportune  time  to  get  busy,  and  that  the  only  safe  road 
to  individual  and  national  prosperity  is  through  an  unlimited 
amount  of  hard  work  in  which  every  beneficiary  must  take 
an  active  part. 

(152) 
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Mining  Titles  and  Their  Influence  in  Fostering  Enterprise 
or  Condoning  inactivity. — The  universal  policy  of  all  countries, 
in  the  early  stages  of  dealing  with  their  mineral  resources,  has 
been  to  issue  freehold  titles  to  claim-stakers  on  production 
of  proof  that  certain  prescribed  requirements  have  been  ful- 
filled. At  a  later  date  certain  disadvantages  of  the  system 
become  painfully  apparent,  as  large  areas  of  potentially  valu- 
able land  are  withdrawn  from  active  development  and,  as  a 
result,  industrial  progress  is  stifled.  The  continuance  of  the 
freehold  system  is  reconsidered,  and  the  tendency,  generally, 
is  for  its  replacement  by  the  leasehold  title,  which  carries 
certain  obligations  regarding  the  necessity  for  operation  and 
threatens  penalties,  including  possible  confiscation,  in  the  event 
of  these  requirements  being  ignored. 

In  the  matter  of  extremes,  the  most  burdensome  operating 
conditions  with  which  I  have  had  experience  are  those  of 
western  Australia,  where  the  issuing  of  the  freehold  title  has 
long  ago  been  abolished  and  mining  claims  are  leased  by  the 
government  at  an  annual  rental  of  $5  per  acre,  with  the  strict 
stipulation  that  at  least  one  man  must  be  kept  continuously 
employed  for  every  six  acres  held,  any  cessation  of  operation 
for  three  consecutive  days  being  officially  construed  as  legal 
evidence  of  abandonment.  The  result  is  that  capital  now 
refuses  to  even  consider  Australian  mining  propositions  other 
than  perhaps  those  of  such  spectacular  richness  or  valuable 
extent  as  to  show  a  dividend  outlook  of  more  than  half  of 
the  capital  being  risked,  with  a  reasonable  chance  of  a  ready- 
made  fortune  thrown  in.  Consequently,  because  of  fewer 
fields  for  exploration  and  the  comparatively  rapid  exhaustion 
of  known  deposits  in  localities  most  easily  accessible,  the 
Australian  gold  output  is  steadily  diminishing  and  the  future 
holds  but  little  promise  of  improvement.  One  redeeming 
feature  of  Australian  practice,  however,  is  that,  with  the 
obligation  to  work,  good  facilities  are  generally  given  claim- 
holders  for  treating  the  ore  extracted  while  proving  the  value 
of,  or  industrially  operating,  their  properties. 

The  best  interests  of  a  country  are  served  by  the  conti- 
nuous utilization  of  its  resources  at  such  a  rate  as  is  reasonably 
in  keeping  with  their  richness  and  extent.  The  Australian 
pace  is  extreme  in  its  call  for  rapid  operation,  but  that  of 
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northern  Ontario,  in  my  opinion,  could  well  stand  consider- 
able acceleration,  its  tendency  being  extreme  in  the  direction 
of  encouraging  inactivity.  For  a  single  fee  of  $2.50  or  $3.00 
and  the  performance  of  a  sum  total  of  six  days  work  all  told 
per  acre,  a  patent  or  freehold  title  is  granted  to  mineral  land, 
which  absolves  the  owner  from  any  further  working  obligation 
whatever  for  all  time.  The  result  is  that  all  the  land  of  best 
promise  in  the  most  easily  accessible  localities  is  gradually 
and  continuously  being  withdrawn  from  operation,  to  be 
held  perhaps  indefinitely  in  idleness  and  at  the  same  time  be 
valued  by  the  owners  at  some  figure  which  would  scare  a  legi- 
timate operator  from  giving  it  even  a  working  trial.  Facilities 
for  obtaining  title  and  security  of  tenure  are  most  desirable 
factors,  but,  in  my  estimation,  any  system  that  protects 
continuous  activity,  no  matter  what  may  be  the  industry 
considered,  has  little  to  recommend  it.  The  progress  of  any 
mining  country  is  measured,  not  by  the  nimiber  of  its  idle 
mines,  but  by  the  number  in  productive  operation,  and  every 
possible  means  should  be  advised  for  increasing  the  number 
with  all  reasonable  haste. 

As  regards  taxation,  a  levy  of  five  cents  per  acre  is  made 
on  all  patented  claims  annually,  which  seems  to  be  more 
conspicuous  as  an  irritant  to  the  payer  than  as  a  revenue  pro- 
ducer to  the  state.  I  believe  that  if  this  tax  were  replaced 
by  an  equally  small  one,  graduated  and  rising  in  accordance 
with  the  owner's  estimate  of  the  value  of  his  own  property, 
such  as  is  done  in  the  case  of  estates  in  New  Zealand;  and, 
if  a  remission  were  granted  where  at  least  the  equivalent  of 
the  tax  was  being  expended  in  active  development ;  then,  much 
exploratory  work  would  be  done  throughout  the  country, 
many  new  discoveries  would  undoubtedly  be  made,  and  great 
encouragement  would  certainly  be  given  for  energetic  operation 
where,  at  present,  there  is  little  incentive  to  do  anything. 

Public  Treatment  Plants. — Assessment  work  to  secure  a 
patent  in  northern  Ontario,  under  present  conditions,  calls 
for  the  performance  of  240  days  of  work  on  each  forty-acre 
claim,  but  the  distasteful  feature  of  the  situation  is  that  the 
claim-holder  has  no  possible  opportunity  of  deriving  any 
direct  revenue  whatever  from  the  product  of  his  labour.  And 
when  his  title  is  obtained,  the  only  attractive  outlook  at  sight 
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is  a  possible  sale  to  some  representative  of  capital.  And  as 
claims  for  sale  throughout  the  country  nimiber  very  many 
thousands,  the  outlook  in  this  direction  for  the  average  claim- 
holder  is  not  at  all  entrancing. 

In  western  Australia,  where  the  futility  of  looking  for 
external  capital  has  long  been  apparent,  the  government  has 
created  milling  facilities  in  all  the  principal  areas  of  mineral 
worth  where  no  privately  owned  mills  happen  to  have  been 
already  erected.  The  initial  procedure  is  to  install  a  five- 
head  mill,  or  other  simple  crushing  appliance,  by  which  claim- 
holders,  for  a  fee  of  $3  per  ton,  can  have  bulk  lots  of  their  ore 
crushed  and  treated  by  amalgamation,  the  tailings  being  stored 
until  such  time  as  the  addition  of  a  cyanide  plant  rnay  be 
justified.  For  cyanidation  $2  per  ton  additional  is  charged. 
The  treatment  of  a  tonnage  of  ore  from  a  claim,  besides  yield- 
ing revenue,  also  furnishes  reliable  information  to  the  owner 
and  to  any  prospective  purchaser  as  to  the  real  commercial 
bulk  value  of  the  ore-body  being  worked,  which  is  certainly 
not  obtainable  by  the  assaying,  as  too  often  happens,  of  special- 
ly selected  samples. 

In  all,  twenty-nine  of  these  small  mills  in  western  Aus- 
tralia are  in  operation,  and,  since  the  first  was  installed  over 
twenty  years  ago,  the  contribution  to  that  country's  yield, 
from  this  source  alone,  has  averaged  well  over  $1,000,000 
annually,  all  of  which  is  earned  and  distributed  in  the  imme- 
diate neighborhood  without  the  aid  of  any  external  capital 
whatever.  Although  Australian  conditions  are  very  different 
from  those  of  northern  Ontario,  nevertheless  the  erection  of 
one  or  two  small  treatment  plants  in  the  most  promising 
mineral  areas  might  be  worthy  of  consideration  even  with  no 
greater  object  in  view  than  that  of  teaching  legislators  the 
precise  amount  of  effort  necessary  for  the  production  of  the 
metal  so  urgently  needed  now  as  never  before  to  support 
the  national  currency. 

Improving  Transportation  Facilities. — Few  people  fully  re- 
alize how  many  mining  failures  in  the  early  stages  of  a  country's 
mineral  development  can  be  attributed  directly  to  inefficient 
and  costly  means  of  transportation.  Waterways,  with  which 
northern  Ontario  is  so  highly  favoured,  are  good  but  are  only 
of  temporary  benefit,  and  the  construction  of  railways  involves 
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a  heavy  capital  outlay  and  demainds  at  least  some  guarantee 
of  several  hundreds  of  tons  of  freight  daily  to  meet  even  working 
expenses.  Macadamized  roads  cost  roughly  $20,000  per  mile 
to  construct  in  the  northland,  and  the  ordinary  class  of 
'bush'  highway  means  the  payment  of  a  teamsters*  freight 
rate  that  will  average  well  over  $1  per  ton  per  mile.  Trans- 
portation plays  such  an  important  part  in  industrial  develop- 
ment that  it  is  safe  to  assume  a  rise  in  operating  costs  of  rough- 
ly 10  per  cent  for  every  mile  that  a  mining  enterprise  is  distant 
from  railway  communication.  A  zone  limit  of  profitable 
operation,  therefore,  is  soon  reached,  as  is  well  illustrated 
by  the  fact  that  the  mines  at  present  engaged  in  active  pro- 
duction in  Northern  Ontario  are  all  in  close  proximity  to 
the  T.  &  N.  O.  railway. 

As  a  possible  means  of  minimizing  transportation  hand- 
icaps, the  suggestion  is  offered  for  a  more  extensive  use  of 
light  tramways,  somewhat  of  the  style  of  a  two-mile  installation 
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that  I  had  occasion  to  construct  in  1916  for  the  development 
of  some  mineral  properties  in  north-western  Quebec.  There, 
as  in  northern  Ontario,  the  country  is  mostly  swamp-land 
alternating  with  rocks  and,  although  the  route  traversed 
by  that  tramway  is  over  the  height-of-land  dividing  the  drain- 
age area  of  the  St.  Lawrence  river  from  that  of  James  bay, 
the  highest  point  reached  in  the  two  miles  is,  fortunately, 
only  31  ft.  9  in.  above  the  eastern  terminal.  The  rails  are 
the  ordinary  20  lb.  per  yard  type,  spiked  at  4  ft.  8J4  in.  apart 
(standard  gauge)  to  round  logs  cut  to  serve  as  ties — the  logs 
being  from  the  trees  felled  in  clearing  the  right-of-way.  The 
total  cost  of  the  tramway  was  roughly  $6000  for  the  two  miles, 
and  its  function  is  to  facilitate  the  haulage  of  heavy  loads. 
On  several  occasions  it  has  been  used  for  drawing  as  much 
as  seven  tons  at  a  trip,  the  necessary  motive  power  being 
supplied  by  two  horses  hitched  in  tandem.  With  some  ballast- 
ing and  leveUing,  it  could  be  made  serviceable  for  rapidity  in 
transportation  through  the  use  of  a  motor  truck  running 
on  flanged  wheels.  In  these  capacities,  it  should  appeal  to 
mines  in  the  embryonic  stage,  where  the  physical  features  of 
the  country  present  no  insurmountable  difficulties,  and  as 
such,  it  might  be  considered  as  something  preliminary  to 
full  scale  railway  construction.  Tramway  building  should, 
I  think,  be  encouraged  by  the  government,  who  could  at  least 
co-operate  in  the  securing  of  the  necessary  right-of-way  and 
arrange  the  title  so  that,  if  such  were  desired  in  the  interests 
of  public  utility,  possession  by  the  state  could  at  any  time  be 
acquired  on  an  equitable  basis. 

Unity  and  Co-operation  under  Efficient  and  Enthusiastic 
Leadership. — Very  many  other  suggestions  can  be  offered, 
all  bearing  on  the  extensive  scope  afforded  throughout  the 
country  for  further  enterprise.  The  development  of  water 
power  is,  in  itself,  a  subject  on  which  volumes  can  be,  and  have 
already  been,  written.  The  best  suggestion  of  all,  however, 
is  one  for  greater  unity  and  co-operation,  through  a  leader- 
ship capable  of  exerting  pressure  and  offering  encouragement 
on  all  matters  assisting  the  development  and  welfare  of  the 
country,  in  the  progress  of  which  all  active  participants  should 
derive  their  fair  share  of  the  resultant  benefits. 


PRINCIPLES  OF  LEACHING  AND  PRECIPITATION  OF 

COPPER 

By  Frank  E.  Lathe. 

Introduction. 

Ten  or  fifteen  years  ago  hydro-metallurgists  were  pre- 
dicting a  bright  future  for  leaching  processes.  Many  different 
methods  had  been  worked  out  satisfactorily  on  an  experimen- 
tal scale,  and  all  seemed  ready  for  their  commercial  applica- 
tion. About  that  time,  however,  oil  flotation  came  to  the 
fore,  and  though  not  even  yet  understood  thoroughly  as  far 
as  theory  is  concerned,  it  at  once  proved  a  great  commercial 
success.  In  fact,  its  conspicuous  achievements  quite  relegated 
leaching  to  the  back-ground.  The  chief  reason  why  flotation 
made  such  rapid  progress  in  comparison  with  leaching  is  that 
the  former  fits  in  well  with  ordinary  gravity  concentration, 
helping  it  where  it  is  weakest,  namely  in  the  treatment  of  slimes. 
Leaching,  on  the  other  hand,  is  not  well  adapted  to  slime 
treatment,  and  involves  a  separate  plant,  with  new  apparatus, 
new  chemistry,  and  new  methods  of  control.  As  a  result, 
flotation  has  advanced  more  rapidly  than  leaching,  but  both 
have  now  become  so  firmly  established  that  the  metallurgist 
who  would  keep  abreast  of  modern  progress  muststudy  them 
carefully. 

Fortunately  all  the  companies  engaged  in  leaching  have 
pursued  a  very  liberal  policy  with  regard  to  the  distribution  of 
information.  In  addition  to  the  numerous  articles  that 
have  been  published,  and  to  the  most  important  of  which  re- 
ference will  be  made  below,  I  have  made  use  of  recent  informa- 
tion supplied  me  in  private  communications.  This  information 
I  gratefully  acknowledge. 

In  considering  the  possibility  of  leaching  a  particular  ore 
or  tailing  one  will  wish  to  know  the  important  points  to  be 
investigated.  The  present  paper  is  an  attempt  to  answer  that 
question  in  the  light  of  the  recent  success  of  several  large 
plants.  Especial  emphasis  will  be  placed  on  the  chemical 
problems  involved,  with  only  an  outline  of  the  purely  mechan- 
ical features,  the  importance  of  which,  however,  must  not 
be  underestimated. 

(158) 
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In  Table  I  will  be  found  a  list  of  the  principal  leaching 
plants  that  were  in  operation  in  America  during  1920,  with 
classified  information  about  each.  In  addition  to  these, 
several  companies  are  practising  heap  leaching  of  very-low- 
grade  ores  on  a  moderate  scale,  and  many  processes  are  being 
investigated. 

The  various  operations  through  which  an  ore  may  pass 
will  now  be  taken  up  one  at  a  time,  and  the  principal  points 
considered   in   some   detail. 

Preliminary  Treatment  of  Ore. 

Crushing. — Many  factors  influence  the  decision  as  to  the 
best  size  for  leaching  purposes.  For  heap  leaching,  where  the 
operation  is  expected  to  require  a  year  or  two  to  go  to  com- 
pletion, pieces  up  to  several  inches  in  diameter  will  be  satis- 
factory. Where  ore  is  leached  in  tanks,  however,  overhead 
expense  is  considerable,  and  time  becomes  an  important 
matter. 

Fine  crushing  possesses  the  following  advantages: 

1.  It  sets  free  the  copper  minerals  more  perfectly,  and 
hence  tends  to  improve  the  extraction. 

2.  It  increases  the  capacity  of  the  plant  by  shortening 
the  time  necessary  to  dissolve  the  copper. 

3.  If  the  solvent  is  sulphuric  acid,  as  is  usually  the  case, 
less  of  it  will  be  required.  The  reason  for  this  is  as  follows: 
When  coarse  pieces  of  ore  are  present  the  acid  first  dissolves 
the  copper  minerals  from  the  surface  of  these,  and  during  this 
time  has  no  great  action  on  the  gangue.  As  the  solvent  action 
progresses  towards  the  centre  of  these  pieces  it  becomes  slow- 
er and  slower,  and  the  acid  is  meantime  lying  in  intimate  con- 
tact with  the  leached  outer  portion.  Some  of  it  will  therefore 
be  neutralized  by  the  basic  gangue  minerals,  whereas  if  the  ore 
had  been  crushed  finer  the  acid  would  have  been  drawn  off 
before  much  of  this  neutralization  had  taken  place. 

4.  It  will  result  in  less  fouling  of  the  solutions,  for  the 
same  reason  that  acid  consimiption  is  lowered. 

On  the  other  hand,  if  the  ore  is  crushed  unnecessarily 
fine: 

1.     Considerable  expense  in  crushing  will  be  involved. 
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2.  Excessive  dust  will  be  caused  in  the  crusher  building, 
with  consequent  injury  to  the  workmen.  (As  a  preparation 
for  leaching,  dry  crushing  is  done  when  possible,  for  reasons 
which   will   be   apparent   later.) 

3.  The  dust  losses  will  be  considerable  whenever  the 
ore  is  handled— in  the  crusher  building,  on  conveyors,  and 
particularly  when  dropped  from  loading  bridges  into  leaching 
tanks.  This  may  appear  to  be  an  unimportant  detail,  but  as 
the  fine  are  usually  richest  the  loss  is  sometimes  sufficient 
to  be  seen  on  the  monthly  balance  sheet  for  copper. 

4.  Slimes  leach  poorly,  unless  they  can  be  agitated,  which 
is  not  done  in  any  commercial  plant  yet  constructed.  Ex- 
traction is  usually  best  on  fine  sands. 

5.  Channeling  in  the  tanks  may  result,  so  that  slimes 
will  interfere  with  the  extraction  even  on  the  coarser  sizes. 

6.  More  moisture  will  be  retained  after  the  leaching 
and  washing  operations  are  completed,  with  consequent  loss 
as    water-soluble    copper. 

Where  copper  minerals  occur  mainly  in  cracks  and  joint- 
planes  in  the  ore,  as  at  Chuquicamata,  Ajo,  and  elsewhere, 
crushing  does  not  need  to  be  finer  than  half-inch  in  order  to  give 
a  good  extraction.  At  Lake  Linden,  on  the  other  hand,  the 
minus-three-sixteenths  tailing  has  to  be  further  ground  until 
it  will  pass  a  28-mesh  screen.  At  Anaconda  75%  to  80%  of 
the  sand  tailing  treated  will  pass  20-mesh,  and  no  further 
grinding  is  necessary. 

The  crushing  machinery  used  in  preparing  ore  for  leach- 
ing does  not  differ  greatly  from  that  found  in  ordinary  gravity- 
concentration  plants.  The  horizontal  Symons  disc  crusher 
is  the  favorite  for  intermediate  work,  but  rolls  and  vertical 
Symons  are  also  used  to  some  extent.  Vertical  Symons  and 
fine  rolls  reduce  to  half-inch.  At  the  Calumet  and  Hecla  pebble 
mills  are  used  for  fine  grinding. 

A  device  has  recently  been  installed  at  Chuquicamata  ^ 
for  overcoming  the  dust  nuisance  in  the  crusher  building. 
Dust  is  removed  by  fans  and  conducted  through  pipes  to  a 
large  wooden  settling  chamber,  from  which  the  collected  dust 
is  flushed  to  the  leaching  tanks. 


1 C.  A.  Rose,  Private  communication. 
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Desliming. — If  half-inch  ore  is  being  leached  no  desliming 
is  required  before  sulphuric  acid  leaching.  The  Anaconda 
plant  treats  a  tailing  which  contains  no  great  amount  of  slimes, 
hence  percolation  is  good.  The  feed  is  partially  deslimed  at 
Kennecott,  and  more  completely  at  Lake  Linden,  where  minus- 
200  mesh  material  is  carried  off  in  the  overflow  from  V-shaped 
settling  tanks.  Such  slimes  cannot  be  leached  well  without 
agitation,  but  may  be  treated  by  flotation. 

Roasting — On  account  of  the  expense,  this  step  will  of 
course  be  omitted  if  possible,  and  many  operators  of  the  present 
day  would  say  that  the  necessity  of  roasting  an  ore  debarred 
leaching  processes  altogether.  This  conclusion  is  by  no  means 
justified.  The  Anaconda  Company  roasts  tailing  with  3.3% 
of  coal  and  makes  a  profit  when  handling  material  as  low  as 
0.5%  copper.  That  being  the  case,  there  is  no  reason  why 
leaching  should  be  considered  out  of  the  question  simply  because 
the  copper  minerals  in  the  ore  are  not  soluble  in  sulphuric 
acid. 

When  roasting  is  used  as  a  preparation  for  leaching, 
the  combined  process  will  in  many  instances  become  a  serious 
competitor  of  flotation,  and  it  seems  particularly  necessary  to 
emphasize  this  fact  in  Canada  because  there  are  not,  so  far  as 
I  know,  any  considerable  deposits  of  oxidized  copper  ore  in  this 
country.  Roasting  and  leaching  have  even  been  made  the 
subject  of  large-scale  experiments^  on  such  material  as  flota- 
tion or  other  concentrates,  and  it  is  claimed  that  these  mixed 
sulphides  may  be  roasted  to  make  soluble  95%  of  the  copper 
and  not  more  than  1%  of  iron,  in  which  case  electrolytic  pre- 
cipitation should  be  possible. 

The  chief  objects  of  roasting  are  to  increase  the  solubility 
of  the  copper  and  decrease  that  of  the  gangue.  Copper  sul- 
phides are  almost  insoluble  in  ordinary  leaching  solutions, 
while  those  of  iron  are  often  fairly  soluble.  In  a  general  way 
the  opposite  is  true  of  the  oxides.  Roasting  therefore  brings 
about  these  two  desirable  ends,  and  in  addition  agglomerates 
the  fine  particles  so  that  percolation  takes  place  more  readily. 
In  some  cases  certain  impurities  like  arsenic  and  antimony  are 
partially  volatilized  at  the  same  time. 

1  Addicks.  Trans.  A.I.M.E.,  vol.  55,  page  856. 
Middleton  M.  &  S.  P.,  Aug.  2,  page  149. 
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Free  access  of  air  is  of  course  necessary  for  oxidation. 
In  addition  to  this,  temperature  control  is  important.  At 
a  low  heat  sulphates  are  formed  of  both  copper  and  iron,  and 
the  most  desirable  temperature  is  one  at  which  the  latter 
readily  breaks  up  into  sulphur  trioxide  and  iron  oxide,  but  at 
which  the  copper  sulphate  is  not  decomposed.  This  is  about 
550°  C.  Laist^  states  that  if  the  temperature  rises  too  high  some 
of  the  copper  will  become  insoluble  in  all  acids  except  hydro- 
fluoric. This  will  not  take  place,  however,  until  the  tem- 
perature is  higher  than  that  necessary  to  decompose  copper 
sulphate,  namely  650*^  to  700''  C.  If  the  heat  is  sufficient 
to  sinter  the  sulphides,  the  copper  is  likely  to  be  found  partly 
as  undecomposed  sulphide,  half  fused,  and  partly  as  oxide,  but 
not  at  all  as  sulphate,  which  is  the  most  desirable  form  if  acid 
consumption  is  to  be  kept  down. 

Chemicals  are  sometimes  added,  either  to  the  charge 
or  to  the  roasted  product.  Of  these  the  most  common  is  or- 
dinary salt,  the  presence  of  which  renders  much  of  the  copper 
soluble  in  chloride  solutions,  even  in  the  absence  of  acid,  and 
is  especially  useful  in  converting  silver  and  gold  into  chloride, 
in  which  form  they  also  are  readily  soluble.  In  addition,  the 
presence  of  salt  increases  the  oxidizing  action  of  the  air. 
When  leaching  was  first  begun  at  Anaconda,  about  1.5%  of 
salt  was  added  after  the  roasting  operation  was  complete,  to 
increase  the  extraction  of  silver,  but  its  use  was  discontinued 
some  two  years  ago,  chiefly  on  account  of  the  increased  cost  of 
salt  delivered  at  Anaconda^, 

As  Anaconda  has  the  only  large-scale  plant  roasting  ore 
or  tailing  as  a  preparation  for  leaching,  a  brief  description  of 
that  plant  may  be  of  interest.  Roasting  is  carried  out  in  six- 
hearth  modified  McDougall  furnaces,  20  feet  in  diameter,  and 
fired  with  coal  on  the  third  hearth  The  temperature  of  this 
hottest  hearth  is  about  535°  C,  control  being  made  easy  by 
means  of  a  series  of  recording  pyrometers.  Sulphur  in  the 
feed  is  a  little  over  2%  and  this  is  reduced  to  about  0.5%,  a 
part  of  which  is  present  in  the  roasted  material  as  soluble  sul- 
phates. Each  furnace  has  a  capacity  of  about  75  tons  in  24 
hours.    As  mentioned  above,  the  coal  consumption  is  only 

1  Trans.  A.I.M.E.,  vol.  55,  page  876, 

2  Laist,  Private  communication. 
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about  3.3%,  a  part  of  the  heat  required  being  furnished  by 
the  oxidation  of  sulphur  and  iron. 

solvents 

.  The  ideal  solvent  should  be  cheap,  easy  of  transportation, 
or  capable  of  being  manufactured  at  the  plant  where  used,  non- 
volatile, and  easily  recoverable  from  its  solutions  with  ac- 
companying precipitation  of  the  copper  in  a  marketable  form. 
Also,  when  considered  in  relation  to  a  particular  ore,  it  should 
completely  dissolve  the  copper  without  attacking  the  gangue. 

The  standard  works  ^  on  leaching  list  many  solvents,  in- 
cluding water,  sulphuric  acid  and  sulphates  of  various  metals, 
hydroch  oric  acid  and  many  chlorides,  ammonia  and  am- 
monium salts,  sulphurous  acid,  nitric  acid,  and  others.  None 
of  these  comes  near  to  the  ideal  solvent  described  above,  and 
most  of  them  are  so  far  away  from  it  that  it  is  unlikely  that  they 
will  ever  be  used  in  commercial  operations  on  a  large  scale. 

Of  the  above  solvents,  sulphuric  acid  is  the  best,  and 
about  75%  o  all  leaching  at  the  present  time  involves  its  use. 
It  has  the  advantages  that: 

1.  It  is  the  cheapest  of  all  solvents  except  water. 

2.  It  can  frequently  be  manufactured  at  the  plant  where 
it  is  to  be  used,  perhaps  utilizing  fo;  the  purpose  waste  gases 
from  roasting  operations. 

3.  It  is  easily  regenerated  by  electrolysis  of  the  copper- 
bearing  solutions. 

4.  The  copper  recovered  is  of  very  high  purity,  and  needs 
only  to  go  through  the  ordinary  furnace  refining  given  to  all 
high-grade  copper  in  order  to  make  it  suitable  for  wire-bars. 

5.  It  is  non-volatile,  and  therefore  easily  handled. 
Sulphuric  acid,  however,  possesses  disadvantages  which 

entirely  prevent  its  use  in  some  instances.    For  example: 

1.  It  does  not  dissolve  metallic  copper. 

2.  It  dissolves  only  half  the  copper  from  cuprite,  leaving 
the  remainder  in  the  form  of  metal,  thus: 

CU2O  +  H2SO4  +  CUS04  +  Cu  +H2O 

3.  It  readily  attacks  carbonates  of  lime  and  iron,  which 
are  frequently  present  in  the  gangue  of  copper  ores,  causing 


1  Green  wait,  Hydrometallurgy  of  Copper. 
HoffmEin,  Metallurgy  of  Copper. 
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both  a  heavy  consumption  of  acid  and  contamination  of  the 
solutions. 

4.  It  has  some  action  on  oxides  and  siHcates  of  iron  and 
aluminum,  which  cause  trouble  by  fouling  the  solutions. 

Ammonia,  or  ammonium  carbonate,  is  being  used  at 
two  modern  plants,  the  Calumet  and  Hecla  and  the  Kennecott, 
and  it  is  therefore  worth  while  to  examine  its  suitability  as  a 
solvent.    On  the  one  hand, — 

1.  It    is   expensive. 

2.  It  is  not  possible  to  regenerate  it  by  electrolysis  of 
the   solutions. 

3.  The  copper  recovered  from  ammoniacal  solutions  re- 
quires further  treatment. 

4.  It  is  volatile,  and  therefore  difficult  to  handle. 

The  above  disadvantages  show  that  ammonia  cannot  hope 
to  compete  with  sulphuric  acid  in  the  field  where  the  latter  is 
suitable.    But  ammonia  on  the  other  hand, — 

1.  Dissolves  metallic  copper  readily. 

2.  Completely  dissolves  cuprite 

3.  Does  not  attack  carbonates  of  lime  or  iron. 

4.  Does  not  attack  compounds  of  ferric  iron  or  alumina. 

5.  Is  very  perfectly  recovered  by  distillation,  fouling  of 
solutions  being  therefore  impossible. 

Ammonia,  therefore,  fills  just  the  field  in  which  sulphuric 
acid  is  useless.  This  is  well  illustrated  and  a  consideration  of 
the  two  plants  using  ammonia  leaching  processes.  At  the 
Calumet  and  Hecla,  where  native  copper  is  dissolved  from  mill 
tailing,  sulphuric  acid  could  not  be  used  because  of  its  lack 
of  action  on  the  copper.  At  the  Kennecott  plant,  where  copper 
carbonates  occur  in  dolomitic  limestone,  sulphuric  acid  would 
dissolve  the  copper  readily, — and  decompose  the  gangue  al- 
most equally  well. 

Sulphurous  acid,  that  is,  an  aqueous  solution  of  sulphur 
dioxide,  has  been  made  the.  subject  of  a  great  number  of  ex- 
periments, and  it  is  possible  that  it  may  yet  be  used  on  a  con- 
siderable scale,  with  precipitation  of  copper  by  scrap  iron  or 
otherwise.  In  the  majority  of  cases,  however,  it  will  pay 
better  to  oxidize  it  to  sulphuric  acid,  which  will  make  possible 
the  electrolysis  of  solutions  and  obviate  the  difficulty  arising 
from  fumes. 
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Ferric  salts  are  good  solvents  for  oxidized  or  metallic  cop- 
per, and  even  for  chalcocite.  One  of  the  chief  advantages  of 
their  use  is  that  they  do  not  ordinarily  attack  the  gangue. 
Difficulties  are  that  where  ferric  salts  are  reduced  in  the  pro- 
cess their  complete  oxidation  is  not  easily  brought  about, 
and  that  precipitation  by  electolysis  is  not  possible.  Ferric 
sulphate  is  used  chiefly  in  heap  leaching,  with  precipitation 
on  scrap  iron. 

None  of  the  other  solvents  is  of  sufficient  importance 
to  make  their  consideration  desirable  in  a  brief  review  like 
the  present. 

From  the  above  it  will  be  evident  that  so  far  as  present 
practice  is  concerned  sulphuric  acid  and  ammonia  have  the 
field  very  much  to  themselves.  Although  the  others  are  not 
likely  to  be  applied  on  a  large  scale  in  the  near  future  it  must 
not  be  forgotten  that  even  ten  years  ago  a  commercial  am- 
monia process  seemed  very  far  away. 

Solution  of  Copper  by  Sulphuric  Acid 

Charging  the  leaching  tanks. — Where  fine  and  compara- 
tively uniform  material  is  to  be  leached  no  particular  attention 
need  be  paid  to  the  distribution  of  the  charge  in  the  tanks. 
This  is  the  case  at  Anaconda.  But  when  the  ore  contains 
pieces  varying  in  size  from  nearly  an  inch  in  diameter  to  the 
finest  of  slimes  precautions  have  to  be  taken  to  prevent  chan- 
nels of  coarse  ore  through  which  an  excessive  amount  of  solu- 
tion might  pass,  to  the  detriment  of  the  remainder  of  the 
charge  The  large  tanks  are  usually  rectangular,  and  are 
spanned  by  loading  bridges  on  which  run  conveyor  belts  carry- 
ing the  ore.  A  moving  tripper  distributes  it  uniformly  over 
the  full  width  of  the  tank.  The  tanks  are  usually  10  to  15  feet 
in  depth,  and  it  is  best  to  make  the  layer  of  ore  in  the  tank 
the  full  depth  in  one  trip.  The  coarser  material  falls  to  the 
bottom,  so  that  there  is  a  certain  amount  of  stratification,  but 
this  is  desirable  rather  than  otherwise.  In  filling  the  final 
end  of  the  tank  it  is  wise  to  go  only  so  far  that  the  bottom  of 
the  ore  slope  comes  near  the  end  wall,  and  then  move  the  dis- 
tributor so  that  the  ore  falls  directly  against  the  wall,  going 
backwards  to  fill  the  remaining  space.    Otherwise  there  would 
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be  a  column  of  the  coarser  ore  against  the  end,  which  it  is  de- 
sired to  prevent.  The  accompanying  sketch  may  elucidate 
the  method  more  clearly. 


It  has  been  suggested  that  the  best  method  is  to  charge 
the  ore  with  solution  already  in  the  tank.  When  tried  on  a 
large  scale,  however,  it  is  found  that  this  practice  results  in 
too  much  classification,  and  that  percolation  and  solution  of 
the  copper  are  both  slower. 

Leaching  cycle. — There  is  no  part  of  the  leaching  process 
which  is  more  confusing  to  one  not  accustomed  to  it  than  the 
circulation  of  solutions.  Moreover,  each  plant  has  its  own 
system,  so  that  it  is  almost  impossible  to  generalize,  as  I  have 
tried  to  do  so  far  in  this  paper.  I  have  therefore  decided  to 
choose  as  an  illustration  the  practice  that  appears  to  me  to  be 
most  rational  and  of  most  general  application,  namely  that  of 
the  Chile  Exploration  Co.,  at  Chuquicamata.  After  describ- 
ing their  practice  I  shall  point  out  some  of  the  ways  in  which 
others  differ  from  it,  and  refer  briefly  to  its  advantages  and 
disadvantages. 

For  the  sake  of  clearness  I  shall  distinguish  the  various 
solutions  by  letters,  taken  alphabetically  in  the  order  in  which 
they  are  used,  from  'A  to  F'.  Thus  *A'  is  that  going  from  the 
leaching  plant  to  be  purified  on  its  way  to  the  electrolytic 
tanks,  'B'  and  *C'  are  the  two  leach  solutions  put  on  the  ore, 
and  'D',  'E'  and  'F'  the  three  wash  solutions,  to  be  followed  by 
fresh  water.  It  should  be  mentioned  here  that  each  of  these 
has  its  own  solution  tank  in  which  it  is  stored  when  not  being 
used  on  any  ore  tank,  and  these  solution  tanks  will  be  designated 
by  the  same  letters  as  the  solutions  themselves.  The  solution 
analyses  to  be  given  are  only  approximate,  as  they  vary  con- 
siderably. Table  II  is  an  illustration  of  the  working  of  the 
system  to  be  described. 
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TABLE  II — Leaching  Cycle  at  Chuquicamata 


Solution 

Cubic  Metres  On 

Cubic  Metres  Off 

Solution 

Moisture 

100 

B 
D 

3,200 
600 

1         3,800 

A 

C 

3,200 

3.200 

B 

D 

2,600 

3,200 

D 

E 

3,200 

3,200 

E 

F 

2,500 

2,500 

F 

Water 

1,400 

900 

(in  tailing) 

16,800 

16,800 

The  first  solution  put  on  a  fresh  tank  of  ore  is  B,  only 
moderately  high  in  both  copper  and  acid,  (Cu,  25  grams  per 
litre;  H2SO4,  45  g.p.l.)-  This  is  admitted  from  the  bottom,  in 
order  to  keep  the  slimes  as  far  away  from  the  filter  as  possible, 
and  in  amount  just  sufficient  to  cover  the  ore  well.  It  is  left 
on  the  tank  from  four  to  eight  hours,  depending  on  the  re- 
quirements of  the  electrolytic  tank-house,  and  is  then  drawn 
off  as  A^  (Cu,  55  g.p.l.;  H2SO4,  20  g.p.l.).  As  soon  as  the  with- 
drawal of  A  is  begun  it  is  followed  on  the  tank  by  some  of  D, 
the  first  wash,  (Cu,  15  g.p.l.;  H2SO4,  28  g.p.l.),  the  amount 
varying  with  the  estimated  grade  of  the  ore  charged. 

All  the  solution  drawn  off  is  sent  to  the  A  tank  until 
it  is  down  to  30  grams  copper  per  litre,  so  that  the  volume  is 
greater  than  that  of  B  put  on, — greater,  if  the  estimate  has  been 
correct,  by  the  volume  of  D  used. 

After  the  small  volume  of  D  has  been  added  it  is  followed 
by  a  large  volume  of  C  (Cu,  13  g.p.l.;  H2SO4,  80  g.p.l.), 
which  is  the  spent  electrolyte  from  the  tank-house.  This 
strongly  acid  solution  does  the  most  difficult  part  of  the  leach- 
ing, and  is  therefore  left  on  the  ore  for  as  long  as  possible, 
usually  about  36  hours.  At  the  end  of  that  time  it  is  with- 
drawn, becoming  the  new  B  solution,  and  is  at  the  same  time 
followed  by  wash  solution,  first  the  remainder  of  D,  then  E, 
(Cu,  8  g.p.l.;  H,S04,  12  g.p.l.),  F,  (Cu,  4 g.p.l.;  H2SO4,  5  g.p.l.) 
and  clean  wash  water,  in  rapid  succession.  In  drawing  off 
these  solutions  the  division  between  them  is  not  made  as  in 
the  first  case,  by  copper  analysis,  but  by  volume,  so  that  the 
remainder  of  D,  with  a  small  part  of  E,  goes  into  the  D  tank, 
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the  remainder  of  E,  with  a  small  part  of  F,  into  the  E  tank, 
and  the  remainder  of  F,  with  all  the  wash  water,  into  the  F 
tank. 

The  amount  of  wash  water  which  can  be  used  is  in  the 
long  run  the  sum  of  the  solution  discarded  in  the  electrolytic 
tank-house,  evaporated  in  the  circuit,  and  left  in  the  tailing  as 
moisture,  less,  of  course,  the  original  moisture  in  the  ore. 
At  Chuquicamata  the  last  item  is  very  small,  but  it  is  worth 
mentioning  because  it  illustrates  why  the  ore  should  not  be 
sprinkled  to  keep  down  the  dust  in  the  crushing  plant.  In 
order  to  keep  the  water-soluble  copper  below  0.01%  it  is 
necessary  to  use  about  1,300  tons  of  water  per  10,000  ton  tank. 
After  washing,  a  tank  is  drained  12  to  24  hours,  the  longer 
time  being  especially  necessary  when  but  little  wash  water 
has  been  used. 

It  is  not  possible  to  compare  methods  in  use  at  different 
plants  with  perfect  fairness  unless  all  the  conditions  are  care- 
fully considered,  which  is  not  possible  in  this  paper.  However, 
some  points  regarding  the  practice  at  Ajo  may  be  mentioned 
here,  and  Ajo  is  more  nearly  comparable  than  any  of  the  other 
plants  because  it  also  uses  electrolytic  precipitation  of  the 
copper. 

At  Ajo  the  acid  in  the  solutions  is  run  much  lower,  on 
account  of  the  greater  solubility  of  the  gangue.  The  first 
solution  on  fresh  ore  in  a  tank  is  circulated  through  that  tank 
until  almost  neutral.  When  drawn  off  it  is  followed  by  several 
leach  solutions,  with  gradually  increasing  acid,  until  at  the 
end  of  a  week  the  acid  has  risen  to  30  grams  per  litre.  In  their 
practice  it  has  been  found  that  the  maximum  extraction  per 
pound  of  acid  consumed  is  given  by  th  s  long  treatment  with 
weak  solutions,  although  of  course  a  larger  plant  is  required. 
The  strongest  acid  solution  is  followed  by  the  first  of  four  wash- 
es. Each  of  these  is  circulated  on  itself  for  three  hours,  until 
the  soluble  copper  remaining  in  the  ore  is  uniformly  distributed 
through  it,  and  the  tank  is  then  drained  before  the  next  wash  so- 
lution is  admitted.  The  water-soluble  copper  remaining  in 
the  tailing  is  about  0.06%  of  a  total  of  0.28. 

Comparing  the  two  systems,  the  percolation  at  Chuqui- 
camata is  downward  except  for  the  first  solution,  that  at  Ajo 
is  altogether  upward.     The  Ajo  metallurgists  state  that  upward 
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percolation  reduces  channeling  and  effects  a  more  rapid  extrac- 
tion of  the  copper.  On  the  other  hand,  their  method  results  in 
ten  times  as  much  water-soluble  copper  in  the  tailing,  which 
means  a  loss  of  two  or  three  tons  of  metallic  copper  per  tank. 
The  efficiency  of  the  Chuquicamata  method  is  due  to  the  fact 
that  each  succeeding  wash  put  on  is  lower  in  specific  gravity 
than  the  previous  one,  and  there  is  very  little  mixing  of  solu- 
tions. To  one  familiar  only  with  the  chemical  operations  of 
a  laboratory  the  difficulty  of  mixing  solutions  of  different 
specific  gravity  in  large  tanks  is  almost  incredible.  In  fact, 
the  theory  has  been  advanced  in  all  seriousness  that  a  uniform 
solution  if  left  undisturbed  for  some  time  will  tend  to  stratify, 
which  is  the  opposite  of  the  teachings  of  our  books.  The 
draining  method  is  doomed  to  inefficiency  because  of  the 
considerable  amount  of  each  solution  remaining  in  the  ore 
when  drained.  This  can  at  best  only  be  diluted  by  the  succeed- 
ing solution.  Downward  percolation  has  the  additional 
advantages  that  it  greatly  lessens  the  amount  of  slimes  carried 
over  to  the  solution  tanks,  and  requires  less  power,  as  the  so- 
lutions find  their  way  down  through  the  ore  by  gravity.  If, 
however,  the  ore  in  the  tank  be  wet  at  the  beginning  of  the 
leaching  operation  it  is  desirable  to  admit  the  first  solution 
from  the  bottom,  in  order  to  make  the  water  rise  ahead  of  it 
and  go  to  waste  until  traces  of  copper  appear.  As  mentioned 
above,  it  is  for  another  reason  that  it  is  admitted  at  the  bottom 
at  Chuquicamata,  namely,  to  keep  the  slimes  away  from  the 
filter. 

As  for  the  advantage  of  continuous  percolation  over  merely 
allowing  the  solutions  to  stand  on  the  ore,  this  must  be  deter- 
mined for  each  separate  plant.  In  general,  low-grade  ore  does 
not  require  continuous  percolation,  but  it  may  be  essential 
for  ore  of  high  grade.  The  reason  seems  to  be  that  with  richer 
material  it  is  necessary  to  circulate  in  order  to  bring  a  sufficient 
amount  of  acid  in  contact  with  the  copper  minerals  to  effect  their 
solution.  In  such  a  case  I  have  known  continuous  percolation 
to  raise  the  extraction  as  much  as  30  %. 

An  extension  of  the  time  of  leaching  will  usually  result  in 
better  extraction,  or,  if  the  acid  concentration  of  the  leach  solu- 
tions be  reduced,  in  a  lower  acid  consumption  with  equally 
good  extraction.     In  normal  times  the  saving  thus  obtained 
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must  be  balanced  against  the  cost  of  additional  plant  required 
for  an  extension  of  the  leaching  period.  During  curtailed  pro- 
duction, however,  the  time  may  be  lenghtened  to  great  advant- 
age. Thus  at  Chuquicamata^  the  average  extraction  for  Feb- 
ruary, 1921,  was  raised  from  the  normal  of  90-92%  to  94. 
15%.  A  40  %  curtailment  at  Ajo  in  March,  1919,  reducedthe 
acid  neutralized  per  ton  of  charge  from  67.4  to  45.. 

The  percentage  of  the  total  copper  which  can  be  ex- 
tracted in  leaching  will  vary  considerably,  as  some  copper  is 
nearly  always  present  as  sulphide  or  in  some  other  insoluble 
form,  and  all  that  the  leaching  plant  should  be  asked  to  do  is  to 
dissolve  a  satisfactory  percentage  of  the  copper  which  is  soluble 
in  sulphuric  acid.  The  percentage  of  the  acid-soluble  copper 
which  is  dissolved  ought  not  to  be  under  85%. 

Leaching  tanks  in  the  larger  plants  using  sulphuric  acid 
as  solvent  are  usually  made  of  reinforced  concrete,  with  a  lin- 
ing of  either  lead  or  mastic  asphalt.  The  lead  may  be  pro- 
tected from  mechanical  wear  by  wood.  The  smaller  tanks, 
of  circular  form,  are  more  often  of  wood,  with  lead  linings. 
Tanks  are  emptied  by  several  methods,  —  at  Garfield  and  Chu- 
quicamata  by  Mead-Morrison  unloading  bridges,  which  span 
the  tanks,  at  Ajo  by  Hulett  unloaders,  and  at  Anaconda  by 
flushing  out  with  water.  All  these  methods  are  proving 
satisfactory. 

Leaching  for  iron  precipitation. — This  does  not  differ  radi- 
cally from  that  just  given.  The  chief  differences  are  caused  by 
the  fact  that  one  does  not  have  to  plan  for  the  recovery  of  the 
acid,  which  is  all  lost,  and  that  the  fouling  of  solutions  is  impor- 
tant only  in  so  far  as  it  increases  the  consumption  of  acid. 

To  avoid  a  large  consumption  of  iron  and  sulphuric  acid 
the  solution  going  to  the  precipitation  plant  should  be  very  low 
in  free  acid,  which  attacks  iron  readily.  It  is  therefore  kept 
on  fresh  ore  long  enough  to  become  practically  neutralized. 
Ferric  salts  also  have  a  solvent  action  on  the  iron,  but  these  are 
not  usually  present  in  large  amount.  At  Garfield  the  general 
scheme  is  not  unlike  that  at  Chuquicamata,  though  there  is 
more  circulation  of  the  solutions  in  the  tanks  by  means  of  a 
series  of  air-lifts. 


C,  A.  Rose,  Private  communication. 
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Consumption  of  sulphuric  acid. — At  Anaconda,  where  iron 
precipitation  is  used  and  all  acid  is  lost,  the  consumption 
amounts  to  about  65  pounds  of  60  degree  acid  per  ton  of  tail- 
ing. At  Ajo  much  of  the  acid  is  regenerated  in  the  electrolytic 
deposition  of  the  copper,  as  well  as  in  the  purification  of  the 
solutions  by  sulphur  dioxide,  but  the  acid  consumption  is  some 
90  pounds  per  ton  of  ore,  the  larger  amount  being  due  to  the 
relatively  greater  solubility  of  the  gauge.  At  Chuquicamata 
there  is  a  very  considerable  amount  of  combined  sulphuric  . 
acid  in  the  ore,  so  that  if  no  solutions  were  discarded  in  the 
tank-house  there  would  actually  be  an  increase  of  acid  in  the 
system.  As  it  is,  the  new  acid  required  amounts  to  only  four  or 
five  pounds  per  ton. 

Purification  of  Sulphate  Solutions 

Purification  is  not  necessary  except  as  a  preparation  for 
electrolysis,  for  owing  to  the  discarding  of  all  solutions  in  iron- 
precipitation  plants  there  is  no  cyclic  increase  of  impurities. 

Any  gangue  material  soluble  in  sulphuric  acid  is  liable  to- 
increase  to  the  point  of  saturation.  This  may  do  no  harm,  if  it 
be  chemically  inert  like  calcium  sulphate;  it  may  not  be  within 
commerical  control  except  by  discarding  a  part  of  the  solution,, 
as,  for  example,  nitric  acid;  or  it  may  be  capable  of  reduction  by 
a  comparatively  cheap  means,  as  in  the  case  of  ferric  iron  and 
chlorine. 

Reduction  of  ferric  iron. — Ferric  iron  is  the  bete  noire  which 
haunts  the  copper  hydro-metallurgist  in  his  dreams,  and  turns 
his  hair  white  before  its  time.  It  is  mainly  responsible  for  the- 
difficulties  of  electrolytic  work,  and  has  probably  caused  more- 
failures  than  all  other  impurities  combined. 

It  is  possible  entirely  to  remove  ferric  iron  from  the  solu- 
tion by  precipitation  with  copper-oxide,  this  being  produced 
especially  for  the  purpose  or  obtained  from  the  ore  itself.  In 
the  latter  case  the  difficulty  is  that  in  order  to  dissolve  the  cop- 
per completely  it  is  necessary  to  follow  the  purified  solution 
with  an  acid  one,  which  picks  up  the  precipitated  ferric  oxide 
for  another  trip  on  the  merry-go-rond.  Fortunately  iron  in  the 
ferrous  condition  is  almost  harmless,  so  the  efforts  of  the  met- 
allurgist are  usually  directed  towards  methods  of  reducing  it  to 
the  ferrous  condition  instead  of  eliminating  it  from  the  system.. 
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At  A  jo  the  reduction  is  made  by  the  means  of  sulphur  di- 
oxide. This  does  not  act  well  in  a  strongly  acid  solution,  so 
the  solution  used  in  the  leaching  process,  as  noted  above,  is 
made  almost  neutral  before  being  sent  to  the  reducing  towers. 
It  passes  through  the  towers,  which  are  filled  with  a  wooden 
checker- work,  counter-current  to  the  flow  of  sulphur  dioxide 
produced  in  roasting  pyrite,  and  a  very  good  absorption  is 
secured.  While  being  reduced  to  the  ferrous  condition  ferric  iron 
oxidizes  sulphur  dioxide  to  sulphuric  acid,  which  is  an  im- 
portant gain.     The  reaction  is: 

Fe2  (804)3  +  SO2  +  2  H2O  =  2  FeS04  -f  2  H2SO4 

The  reduction  brought  about  in  the  towers  brings  the  ferric 
iron  down  from  10  to  2.5  grams  per  litre  and  increases  the  acid 
from  4.0  to  16  grams  per  litre.  This  is  done  without  saturating 
the  solution  with  sulphur  dioxide  to  such  an  extent  that  it  gives 
much  trouble  in  the  tank-house,  although  it  is  well  to  provide 
for  good  ventilation  where  this  gas  is  used. 

It  was  also  suggested  at  Ajo  to  utilize  the  cement  copper 
produced  in  the  iron-precipitation  plant  to  reduce  the  ferric 
iron  of  the  solutions.  This  was  tried  out  and  proved  successful, 
but  it  usually  pays  to  ship  the  cement  copper  and  use  sulphur 
dioxide  reduction. 

Precipitation  of  chlorine. — Chlorine  is  present  in  the  Chu- 
quicamata  ore,  partly  as  an  oxy-chloride  of  copper,  atacamite, 
but  mainly  as  sodium  chloride.  This  is  all  dissolved  in  the 
leaching  tanks,  so  that  the  strong  solution  from  fresh  ore  con- 
tains up  to  five  grams  of  chlorine  per  litre.  It  is  precipitated  as 
cuprous  chloride  by  agitating  the  solution  with  fine  cement  cop- 
per, which  at  the  same  time  reduces  much  of  the  ferric  iron 
present.  The  cuprous  chloride  is  dissolved  in  a  ferrous  chloride 
solution  and  then  the  copper  is  precipitated  on  scrap  iron, 
most  of  the  cement  copper  so  formed  going  back  to  the  dechlo- 
ridizing   plant. 

Precipitation  of  Copper  by  Electrolysis 

This  is  perhaps  the  most  difficult  part  of  the  hydro-metall- 
urgy of  copper.  If  the  solutions  contained  nothing  but  copper 
and  sulphuric  acid  the  operation  would  be  an  easy  one,  but 
impurities  cause  no  end  of  trouble,  which  can  be  overcome  only 
by  persistent  effort. 
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Choice  of  anode. — Many  different  materials  have  been  sug- 
gested, but  only  four  have  been  used  to  any  extent. 

Graphite,  or  carbon  in  some  other  form,  has  many  strong 
advocates,  but  so  far  has  been  practically  limited  to  chloride 
solutions.  If  used  for  sulphate  solutions  the  oxygen  liberated 
at  the  anode  will  attack  it  vigorously  unless  neutralized  by 
some  reducing  agent  like  sulphur  dioxide.  Ferric  salts  are  also 
extremely  corrosive  to  carbon.  But  the  voltage  used  is  low, 
and  the  amount  of  acid  regenerated  is  very  high,  so  there  are 
great  inducements  for  further  experimentation.  It  is  not  at 
all  unlikely  that  we  shall  see  it  used  on  a  large  scale  when  the 
various  difficulties  have  been  overcome. 

Lead  containing  up  to  lO^o  of  antimony  is  very  satisfactory 
for  pure  sulphate  solutions,  owing  to  the  insolubility  of  lead 
sulphate.  Even  ferric  iron  has  no  effect  on  it.  If  much 
chlorine  is  present,  however,  these  anodes  go  to  pieces  rapidly, 
and  their  solution  is  even  more  rapid  with  nitric  acid  in  the 
electrol>1:e  as  at  Chuquicamata.  The  only  trail  they  have  had 
on  a  large  scale  is  at  A  jo,  and  there  they  are  giving  splendid  ser- 
vice. At  the  end  of  the  first  year  of  operation  they  were  almost 
as  good  as  new,  so  it  is  certain  that  anode  replacement  will  be  a 
small  item. 

Chuquicamata,  with  sulphuric,  nitric,  and  hydrochloric 
acids  in  the  solution,  has  had  the  most  difficult  problem.  Here 
both  magnetite  and  ferro-siiicon  have  been  used.  In  the  early 
experimental  work  it  was  decided  to  use  fused  magnetite  anodes 
made  in  Germany,  and  these  were  installed  in  the  large  plant. 
Then  the  breaking  out  of  the  European  war  prevented  the  ship- 
ment of  a  further  supply,  and  ferro-sihcon  (about  13%  Si)  was 
substituted  for  magnetite .  This  was  much  inferior  to  magnetite 
chemically,  but  far  better  in  its  mechanical  and  electrical  pro- 
perties, and  cheaper.  The  war  has  been  over  more  than  two 
years,  but  ferro-silicon  anodes  are  still  in  use.  The  company's 
research  laboratory  has  developed  several  promising  new  mat- 
erials, and  may  yet  be  rewarded  by  an  anode  which  will  be  a 
success  conmiercially.  The  difficulties  with  ferro-silicon  are 
that  it  is  not  entirely  insoluble  in  the  solutions  used,  so  that 
anodes  of  this  material  have  to  be  replaced  from  time  to  time, 
and  also  that  the  iron  dissolved  contaminates  the  solution.  In 
fact,  the  necessity  of  discarding  a  large  quantity  of  solution  at 
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that  plant  is  due  entirely  to  the  solubiHty  of  the  anodes,  for  the 
taihng  contains  as  much  iron  as  the  ore  itself.  Some  solution 
would  have  to  be  discarded,  in  any  case,  to  eliminate  the  nitric 
acid,  but  that  does  not  do  so  much  harm  when  the  ferric  iron 
is  low. 

Electrolyte. — This  differs  from  the  electrolyte  used  in 
ordinary  copper  refining  chiefly  in  the  lower  acid  content  and 
higher  impurities.  The  former  is  due  to  the  effort  to  avoid 
acid  consumption  by  action  on  the  gangue,  which  would  be 
increased  by  high  acid  in  the  solutions.  At  A  jo  it  is  further 
lowered  to  gain  efficiency  in  the  reduction  of  ferric  iron  by  sul- 
phur dioxide.  In  order  to  increase  the  acid  and  lower  the  cop- 
per at  Chuquicamata  the  solution  from  the  dechloridizing  plant 
is  diluted,  before  going  to  the  tanks,  with  some  of  the  solution 
which  has  been  partly  electrolyzed  and  therefore  has  had  a  part 
of  its  acid  regenerated. 

The  impurities  in  the  electrolyte  are  those  which  have  not 
been  eliminated  by  some  process  of  purification  of  the  leaching 
plant  solutions .  Ferric  iron  in  the  head  tank  solution  is  usually 
low,  because  it  can  be  controlled  but  the  ferrous  iron  may  be 
high,  and  this  is  a  latent  source  of  trouble  on  account  of  the 
ease  with  which  it  is  oxidized.  As  the  total  iron  increases,  the 
trouble  with  ferric  iron  becomes  so  great  that  something  radical 
has  to  be  done,  and  this  usually  means  discarding  the  solu- 
tion after  removal  of  the  copper.  Ferric  iron  has  a  very  con- 
siderable solvent  action  on  the  copper  deposited,  thereby  lower- 
ing the  ampere  efficiency  and  also  increasing  the  voltage. 
Chlorine  up  to  0.5  grams  per  litre  has  no  great  effect  on  the  cur- 
rent efficiency,  and  a  considerable  part  of  it  is  deposited  with 
the  copper, — chemically  deposited,  because  electrically  it 
would  go  to  the  anode.  The  small  amount  of  chlorine  which 
may  be  introduced  into  solutions  in  the  wash  water  used  has  not 
been  found  harmful  to  lead  anodes,  as  was  feared  before  they 
were  given  a  commercial  trial.  At  Ajo  about  two-thirds  of  the 
chlorine  is  deposited  with  each  cycle  through  the  tanks.  Ni- 
tric acid  may  run  up  to  15  grams  per  litre  without  doing  any 
serious  harm, especially  if  the  ferric  iron  is  low,  but  at  high  con- 
centration or  in  a  warm  electrolyte  it  attacks  both  cathode  and 
anode,  at  the  same  time  giving  off  obnoxious  fumes  in  the  tank- 
house. 
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On  account  of  the  high  voltage  necessary  to  deposit  cop- 
per with  insoluble  anodes,  it  is  not  necessary  to  heat  the  solu- 
tions. In  ordinary  copper  refining  this  is  done  to  decrease  the 
ohmic  resistance  of  the  electrolyte,  but  when  ferric  iron  is  pre- 
sent it  is  desirable  to  have  the  temperature  as  low  as  possible 
to  avoid  the  solvent  action  of  these  impurities  on  the  deposited 
copper.  At  Ajo  the  temperature  of  the  solutions  remains 
about  30*^  F.  above  that  of  the  atmosphere,  but  at  Chuquica- 
mata,  where  the  current  density  and  the  resistivity  of  the  anode 
are  both  higher,  the  heating  is  sufficient  to  make  necessary  a 
cooling  tower  through  which  the  electrolyte  goes. 

Discarding  solution. — In  discarding  solution  from  the  tank- 
house  to  eliminate  impurities  the  copper  may  be  removed  by 
electrolysis,  or  by  precipitation  on  scrap  iron,  or  by  a  combina- 
tion of  these  methods.  The  choice  depends  chiefly  upon  the 
relative  cost  of  electric  current  and  scrap  iron,  and  the  means  at 
hand  for  disposing  of  the  impure  electrolytic  or  cement  copper 
produced.  Electrolysis  is  done  at  the  cost  of  a  greatly  reduced 
current  efficiency,  and  conditions  are  also  bad  for  iron  precipi- 
tation, on  account  of  the  acidity  of  the  spent  electrolyte.  At 
Chuquicamata  electrolysis  alone  is  used,  and  the  impure 
(arsenical)  copper  is  sent  to  the  anode-furnace  making  soluble 
anodes  for  the  starting-sheet  section  of  the  tank-house.  At  Ajo 
the  spent  electrolyte  is  passed  over  scrap  iron,  and  the  cement 
copper  is  shipped  or  used  to  reduce  ferric  iron  in  the  solution. 

The  spent  electrolyte  may  not  always  be  the  proper  solu- 
tion to  discard,  however.  It  may  be  that  in  the  leaching  pro- 
cess iron  and  alumina  will  actually  be  precipitated  on  the  ore, 
only  to  be  picked  up  again  by  the  strong  acid  and  wash  solutions. 
If  as  a  result  the  wash  solutions  contain  more  iron  and  less  free 
acid  in  proportion  to  the  copper  content  than  does  the  spent 
electrolyte  they  can  be  discarded  to  advantage.  It  will  mean 
less  copper  to  precipitate  per  unit  of  iron  discarded,  and  less 
acidlost  as  well.  Also  onaccount  of  theloweracidity,theconsump- 
tion  of  scrap  iron  should  not  be  as  high  as  when  precipitating 
copper  from  spent  electrolyte.  In  addition,  the  water-soluble 
copper  in  the  tailing  can  be  kept  down  by  using  an  extra  amount 
of  wash  water  and  then  passing  this  over  scrap  iron. 

Voltage,  current,  etc. — The  theoretical  voltage  necessary  to 
decompose  copper  sulphate  with  an  insoluble  anode  is  1.22. 
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In  practice,  however,  nothing  near  this  is  ever  reached,  owing 
chiefly  to  the  solvent  action  of  impurities,  but  of  course  all  the 
factors  ordinarily  met  with  in  copper  refining  also  play  a  part. 
At  Ajo,  where  the  current  density  is  low  (7.5  amps,  per  square 
foot)  the  voltage  is  just  over  two;  at  Chuquicamata,  with  anodes 
of  greater  resistivity  and  nearly  double  the  current  density,  it  is 
about  2.8. 

The  current  density  should  be  about  that  used  in  ordinary 
refining  under  similar  cost  conditions.  A  h'gher  current  density 
has  been  advocated  in  order  to  more  perfectly  overcome  the 
solvent  action  on  the  cathodes,  but  this  does  not  take  into 
account  the  heating  of  the  solutions  with  the  higher  current, 
which  will  cause  the  solvent  action  to  increase  in  even  greater 
proportion  than  the  amperage. 

The  current  efficiency  in  a  new  plant  is  usually  low,  not  so 
much  on  account  of  difficulties  inherent  in  the  process  as  be- 
cause it  is  necessary  to  start  with  a  green  crew.  When  men 
have  been  properly  trained  for  the  work  it  is  not  unreasonable 
to  look  for  an  efficiency  of  809c  to  859c-  The  amount  of  copper 
deposited  per  kilo-watt  hour  should  be  0.7  to  0.9  pound. 

Starting-sheet  section. — This  may  be  practically  the  or- 
dinary starting-sheet  department  of  a  copper  refinery,  when 
soluble  anodes  are  used,  as  at  Chuquicamata,  or  the  starting 
sheets  may  be  made  from  the  usual  tank-house  solution,  with 
insoluble  anodes,  as  at  Ajo.  If  the  anodes  can  be  provided 
without  too  great  expense,  it  will  be  found  advantageous,  in 
most  cases,  to  adopt  the  former  system,  owing  to  the  better 
quality  of  the  sheets  produced. 

Precipitation  of  Copper  on  Scrap  Iron. 

This  method  will  usually  be  adopted  in  small  plants  where 
it  is  desired  to  keep  the  initial  expense  of  construction  down  to 
a  minimum,  and  in  large-scale  operations  as  well  when  iron  can 
be  obtained  as  a  by-product  of  the  company's  shops,  as  at 
Anaconda  and  Garfield.  These  plants  are  also  favoured  by 
having  a  ready  means  of  disposing  of  the  cement  copper  pro- 
duced. The  installation  of  electrolytic  tank-houses  should  be 
undertaken  only  by  companies  with  the  best  of  metallurgical 
skill  at  their  command. 
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Precipitation  may  be  done  with  almost  any  kind  of  scrap 
iron,  old  tin  cans  being  used  in  large  quantities  for  the  purpose. 
Sponge  iron,  that  is,  iron  reduced  from  its  ores  at  a  low  temper- 
ature, and  consequently  very  porous,  should  be  almost  ideal  as 
an  iron  precipitant,  but  its  production  on  a  commerical  scale 
has  not  been  a  part  of  the  practice  of  any  of  the  large  companies. 
Both  the  Anaconda  and  New  Cornelia  have  done  extensive 
experimentation  along  this  line,  and  believe  that  the  difficulties 
encountered  are  not  insurmountable. 

Precipitation  formerly  took  place  altogether  in  launders, 
which  required  a  fairly  large  plant  and  involved  difficulties  in 
handling  materials.  Now,  however,  the  tendency  is  to  pre- 
cipitate the  greater  part  of  the  copper  in  modified  tube-mills 
filled  with  scrap  iron,  and  through  which  the  solution  flows  on 
its  way  to  the  launders  for  the  final  precipitation.  This  centra- 
lizes the  handling  of  both  the  scrap  iron  and  cement  copper, 
for  which  machinery  can  then  be  used  to  advantage.  The 
Utah  Copper  Co.,  at  Garfield,  has  the  most  extensive  installa- 
tion of  this  kind,  though  it  has  been  practised  for  some  years 
at  Chuquicamata  in  the  recovery  of  copper  from  the  cuprous 
chloride. 

Theoretically  the  consumption  of  iron  in  the  precipitation 
of  copper  from  cupric  solutions  is  nine-tenths  of  a  pound  per 
pound  of  copper,  and  half  of  that  amount  from  cuprous  solutions. 
Owing,  however,  to  the  action  of  acid  and  ferric  salts,  these  figures 
cannot  be  even  closely  approached  in  practice.  Twice  the  theo- 
retical consumption  would  be  more  nearly  normal  in  sulphate 
solutions,  with  better  than  that  in  chloride  solutions. 

The  cement  copper  is  always  contaminated  with  iron 
and  other  impurities,  so  that  it  will  not  usually  analyze  higher 
than  65%  or  70%  in  copper. 

Ammonia  Leaching  and  Precipitation. 

The  success  of  ammonia  leaching  may  be  ascribed  chiefly 
to  the  overcoming  of  mechanical  difficulties  in  handling  a  sol- 
vent so  volatile,  so  that  the  mechanical  features  of  such  a  plant 
are  doubly  important. 

Steel  tanks  are  used  by  both  the  Calumet  and  Hecla  and  the 
Kennecott,  but  these  differ  considerably  in  detail.  In  the  former 
each  tank  has  a  removable  cover,  which  is  taken  off  for  charging 
and  other  operations  while  the  solution  is  not  on  the  charge. 
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At  Kennecott  the  covers  are  dome-shaped,  and  riveted  to  the 
tanks,  and  are  made  sufficiently  strong  to  withstand  an  internal 
pressure  of  10  pounds  to  the  square  inch.  Manholes  are 
provided,  as  also  are  others  for  charging  and  manipulating  the 
feed  distributor  and  excavator,  which  are  permanent  fixtures 
inside  the  tanks.  The  reason  for  the  Kennecott  construction 
is  that  the  washing  of  the  tailing  is  done  with  steam  under 
pressure,  the  system  being  patented  by  them.  Covered  tanks 
are  provided  in  both  places  for  solution  storage. 

The  chemistry  of  the  operation  is  simple.    At  Lake  Lin- 
den ammonium  carbonate  is  bought,  and  this,  with  the  oxygen 
of  the  air,  acts  on  the  metallic  copper  as  follows : 
2(NH4)2C03    +    O2    +    2Cu    =    2CuC03(NH3)2    +    2H2O 

This  cupric-ammonium  carbonate  has  a  solvent  action  on 
more  copper,   producing  cuprous-ammonium  carbonate: 
CuC03(NH3)2  +  Cu  =  CU2CO3  (NH3)2 

This  again  is  oxidized  by  the  air  to  cupric-ammonium 
carbonate : 

2CU2C03^NH3)2  -f  O2  -f  2(NH4)2C03  = 

4CuC03(NH3)2  -f  2H,0 

In  this  way  the  air  really  furnishes  all  the  oxygen  required, 
and  the  ammonium  carbonate  and  cupric-ammonium  carbon- 
ate simply  act  as  carriers  for  it.  In  plant  operation  this  oxygen 
is  introduced  by  passing  air  through  the  first  and  second  leach 
solutions,  which  have  their  copper  thus  converted  to  the  cupric 
condition.  Any  ammonia  gas  which  is  carried  off  during  the 
operation  is  absorbed  in  water.  At  Kennecott,  where  the  ore 
is  a  carbonate,  the  solution  is  bought  as  ammonia,  but  this  is  of 
course  rapidly  converted  into  the  carbonate. 

In  both  plants  the  ammonia  and  the  carbon  dioxide  com- 
bined with  it  are  recovered  by  distillation,  the  compounds  be- 
ing broken  up  by  heat  but  again  reforming  in  the  condensers, 
the  copper  oxide  being  precipitated  in  the  residual  solution. 

The  leaching  cycle  is  not  radically  different  from  that  used 
in  sulphuric  acid  leaching,  and  the  same  precautions  should  be 
observed,  except  that  in  this  case  there  is  no  fouling  of  solutions 
to  worry  about.  At  Lake  Linden  two  leach  and  two  wash 
solutions  are  used,  followed  by  wash  water,  the  quantity  of  the 
latter  being  dependent  upon  the  volume  sent  to  the  stills.     This 
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will  naturally  be  kept  at  as  low  a  point  as  possible,  as  the  cost  of 
steam  for  distillation  is  one  of  the  principal  items  of  expense. 
In  washing  at  Kennecott  steam  is  introduced  at  the  top,  and 
passes  through  the  charge,  being  thus  preceded  by  a  wash  of 
condensed  steam.  The  ammonia  is  thus  driven  out  by  volati- 
lization. The  amount  of  steam  necessary  per  ton  of  charge 
is  about  100  pounds,  at  five  pounds  pressure,  and  some  20 
hours  are  required  for  the  operation. 

Theoretically  all  the  ammonia  should  be  recovered, —  in 
practice  there  is  lost  about  one  pound  per  ton  at  Lake  Linden 
and  half  that  amount  at  Kennecott.  The  better  recovery  at 
the  latter  place  is  due  to  the  steam  wash,  but  it  is  doubtful 
whether  in  the  average  olant  it  would  pay  for  the  cost  of  steam 
consumed.  Steam  and  ammonia  account  for  about  60%  the 
total  cost  at  both  plants. 

The  stills  consist  of  two  series  of  cylinders  placed  vertically, 
the  copper-ammonia  solutions  passing  down  while  steam  ascends, 
The  first  cylinders  remove  nearly  all  the  ammonia,  and  the 
second  series  completes  the  operation.  At  first  much  trouble 
was  experienced  owing  to  the  precipitated  copper  oxide  adher- 
ing to  the  stills,  but  this  was  overcome  by  placing  in  each  a 
revolving  scraper  to  remove  it  as  fast  as  formed. 

The  leaching  plant  at  Lake  Linden^  made  last  year 
about  11,000,000  pounds  of  copper,  which  cost  less  then  six 
cents  a  pound  up  to  smelting.  The  recovery  was  over  80%. 
At  Kennecott  the  recovery  of  oxidized  copper  was  about  the 
same,  the  cost  per  ton  of  tailing  somewhat  higher  and  that  per 
pound  of  copper  a  little  lower,  owing  to  the  higher  grade  of 
material  treated. 

Scope  of  Leaching  Processes. 

The  characteristics  of  an  ore  suitable  for  leaching  by  one 
of  the  methods  described  are: 

1.  The  copper  minerals  must  be  soluble  in  sulphuric  acid 
or  ammonia,  or  capable  of  being  made  so  by  a  cheap  method,  as 
roasting.  This  applies  to  nearly  all  ores  except  possibly 
heavy  sulphides. 


^  C.  H.  Benedict,  Private  communication. 
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2.  The  gangue  minerals  must  be  nearly  insoluble  in  either 
acid  or  ammonia,  or  capable  of  being  made  so,  as  above. 
This  also  applies  to  most  ores. 

3.  Gold  and  silver  should  either  not  be  present  in  appreci- 
able quantities  or  should  be  rendered  soluble  by  a  chloridizing 
roast  or  leach.  It  should  be  mentioned  that  there  is  no  large- 
scale  plant  recovering  both  copper  and  precious  metals  in  this 
way,  but  such  may  be  expected  as  a  result  of  future  develop- 
ments. 

On  account  of  the  strong  competition  of  flotation  in  hand- 
ling sulphide  ores,  the  most  promising  extension  of  leaching  in 
the  near  furture  would  seem  to  be  to  the  treatment  of  the  large 
bodies  of  partially  oxidized  ores  at  present  lying  idle.  These 
will,  of  course,  require  a  preliminary  roast.  And  the  day  may 
not  be  far  distant  when  a  roasting  and  leaching  process, 
producing  electrolytic  copper  may  be  found  preferable  to  the 
usual  combination  of  gravity  concentration,  flotation,  smelting, 
converting,  and  electrolytic  refining,  even  on  ores  which  are  well 
adapted  to  flotation. 

Leaching  has  been  applied  in  the  past  almost  entirely  to 
low-grade  material,  but  this  limitation  is  not  imposed  by  the 
nature  of  the  process.  If  it  be  commercially  feasible  to  roast 
and  leach  the  tailing  from  a  gravity-concentration  plant,  it 
may  be  even  more  profitable  similarly  to  treat  the  ore  itself. 

When  viewed  in  the  light  of  its  financial  success,  leaching 
makes  an  excellent  showing.  In  fact,  the  profits  made  by 
companies  handling  low-grade  ore  or  tailing  are  an  indication 
that  under  suitable  conditions  leaching  costs  compare  favor- 
ably with  those  of  any  methods  of  treatment  yet  devised. 


THE  HOME  CONSUMPTION  OF  THE  IRON  ORES  OF 

ONTARIO 

By  H.  E.  Knobel 

Western  General  Meeting.  Winnipeg.  Oct.  1920 

In  Ontario  there  are  almost  unlimited  supplies  of  low- 
grade  iron  ore,  that  by  beneficiation  could  be  made  available 
for  use  in  blast  furnaces.  The  practice  of  beneficiation  has 
already  been  adopted  at  two  mines  in  Ontario,  namely,  at  the 
Magpie  mine,  in  the  Michipicoten  district,  where  siderites 
averaging  35%  metallic  iron  are  calcined,  and  raised  to  50% 
metallic  iron;  and  at  the  Moose  Mountain  mine,  near  Sudbury, 
where  banded  magnetite,  averaging  37%  metallic  iron,  is 
magnetically  concentrated  to  yield  a  product  carrying  63% 
metallic  iron. 

At  the  present  time,  less  than  5%  of  the  iron  ore  smelted 
in  Canada  is  of  domestic  origin.  By  way  of  contrast,  it  is  to 
be  noted  that  the  value  of  the  iron  ore  and  iron  and  steel 
products  imported  annually  by  Canada  is  nearly  two  hundred 
million  dollars.  Hence  the  desirability  of  the  greater  utiliza- 
tion of  our  own  resources  in  respect  of  iron  is  most  apparent. 

The  development  of  the  iron  industry  of  Ontario  bears 
an  important  relation  to  the  profitable  operation  of  the  900 
miles  of  the  line  of  the  Canadian  National  railway  stretching  from 
Sudbury  to  the  Manitoba  boundary,  along  a  great  part  of  which 
distance  iron  ranges  extend,  and  are  tributary  to  the  railway. 

Speaking  generally  it  may  be  stated  that  no  ores,  of 
high  grade,  excepting  only  those  of  the  Helen  mine,  at  Michipi- 
coten, have  as  yet  been  found  in  Ontario;  and  it  has  frequently 
been  remarked  that  the  international  boundary  seems  to  be 
the  dividing  line  between  the  richer  ores  of  the  United  States, 
and  the  poorer  ores  of  Canada,  a  condition  generally  ascribed 
to  the  greater  glacial  erosion  that  the  Canadian  deposits  have 
undergone.  This  explanation  is  probably  true  in  part;  but 
the  existence  of  the  iron  deposits  in  Hudson  Bay,  such  as  those 
of  Nastapoka  sound.  Belcher  islands,  and  Sutton  Mills  where 
glacial  action  must  have  been  even  more  intense,  is  some  proof 
that  the  effect  of  erosion  in  the  more  southerly  portions  of 

(182) 
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Ontario  has  been  exaggerated.  It  must  be  remembered  that, 
with  the  exception  of  some  magnetite  deposits,  which  do  not 
show  on  the  surface  and  are  hard  enough  to  have  withstood 
erosion,  concentrations  of  iron  ore  are  mainly  sub-surface 
occurrences,  being  depositions  in  synclinal  folds,  and  pitching 
troughs;  and  even  where  they  may  have  originally  appeared 
on  the  surface,  they  may  now  occur  beneath  swamp  and  lake 
areas,  and  frequently  covered  with  drift.  Few  of  the  ore 
occurrences  on  the  south  shore  of  Lake  Superior  outcropped, 
but  the  ores  were  discovered  by  following  underground  the 
lean  siliceous  and  magnetic  portions  of  the  iron  formation  that 
had  withstood  erosion.  Up  to  1911,  diamond  drilling  to  the 
extent  of  7,200,000  feet  had  been  undertaken  on  the  iron 
ranges  of  the  south  shore  of  Lake  Superior  in  exploring  for  high- 
grade  ores,  whereas  in  the  Thunder  Bay  district  the  extent  of 
drilling  had  only  amounted  to  50,000  feet.  The  limited  ex- 
ploration, therefore,  may  explain  the  fact  that  high  grade  ores 
on  the  Canadian  side  have  not  been  found  so  far.  But  it 
must  also  be  noted  that  with  the  exception  of  the  Loon  lake 
deix)sits,  which  are  an  Eastern  extension  of  the  Mesabi  range 
all  the  ore  occurrences  so  far  discovered  are  of  Keewatin 
age,  and  this  formation  has  proved  to  be  less  prolific  in  high 
grade  concentrations,  than  are  the  lower  Huronian  or  Animi- 
kie  formations.  In  the  extreme  eastern  part  of  the  area 
under  consideration,  an  immense  tonnage  of  banded  magnetite, 
carrying  about  37%  metallic  iron  has  been  proved  in  the  Moose 
Mountain  area.  These  ores  have  been  treated  by  the 
Grondal  process,  the  resulting  briquettes  having  an  average 
iron  content  of  63%.  On  Shagatoska  lake,  north  ot  Biscos- 
taging,  the  existemce  of  some  20  million  tons  of  ores  averaging 
55%  iron,  but  carrying  about  16%  sulphur,  have  been  proved 
by  diamond  drilling.  By  roasting,  these  ores  yield  an  ex- 
cellent product.  From  Little  Long  lake  to  the  east  shore  of 
Nipigon  lake  are  three  promising  areas,  in  which  occur  large 
bodies  of  jaspilite  of  which  the  average  iron  content  is  be- 
tween 35%  and  45%.  One  outcrop  on  Little  Long  lake  averages 
42%  iron,  over  a  width  of  400  feet.  At  Loon  lake,  to  the  east 
of  Port  Arthur,  the  ore  beds  consist  of  high  grade  hematite 
interbanded  with  lean  taconite.  This  ore  can  be  readily  hand 
sorted  and  yields     two  tons  of  merchantable  product  from 
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three  tons  of  material.  On  the  McConnell  property,  over  four 
million  tons  have  been  proved  by  diamond  drilling,  and  the 
ore  when  sorted  will  average  from  50  to  55%  metallic  content 
and  is  of  Bessemer  grade.  This  vicinity,  it  is  estimated,  may 
produce  25  million  tons  of  an  extremely  desirable  ore  low  in 
phosphorous.  The  Kaministiquia,  Comnwee,  and  Mattawan 
ranges,  west  of  Fort  William,  show  immense  outcrops  of  banded 
jaspilite,  having  an  average  iron  content  of  35%  or  higher. 
Coarse  crushing  tests,  have  yielded  a  concentrate  carrying 
50%  iron. 

At  the  property  of  the  Atikokan  Iron  Mines,  on  the  Ati- 
kokan  range,east  of  Sabawue  lake , the  presence  of  some  ten  million 
tons  of  ore  averaging  55%  iron,2%sulphur,and  1%  phosphorous, 
have  been  proved,  by  explorations  and  drilling.  To  date 
there  have  been  shipped  from  this  property  86,433  tons  of 
ore,  containing  59.85%  iron,  2%;  sulphur,  and  .11%  phos- 
phorous. West  of  Sabawue  lake,  some  fifteen  million  tons 
of  high  sulphur  ore  averaging  55%  iron,  13%  sulphur,  and 
.03%  phosphorous,  has  been  proved  by  drilling.  A  test  ship- 
ment of  400  tons  of  this  ore,  after  roasting,  analyzed  55.53% 
iron,  .02%  phosphorous,  3.44%  silica,  and  .59%  sulphur. 
This  result  admirably  illustrates  what  may  be  accomplished 
by    beneficiation. 

An  approximate  estimate  by  the  United  States  Geolo- 
gical Survey  of  the  extent  of  the  iron  bearing  formation  in 
Canadian  territory  tributary  to  lake  Superior,  but  exclusive 
of  the  Michipicoten  district,  placed  the  reserves  at  nine  billion 
tons  having  an  iron  content  of  35%  or  higher.  Of  these  ores 
the  largest  proportion  are  jaspilites,  mixtures  of  magnetite  and 
specular  ores,  banded  with  a  siliceous  gangue.  It  has  been 
demonstrated  by  experiment  that  a  successful  concentration 
of  such  ores  when  the  individual  bands  of  ore  are  of  merchant- 
able grade,  and  when  they  separate  cleanly  from  the  gangue, 
and  do  not  require  fine  crushing,  present  no  physical  difficulty. 
Those  ores  that  are  more  intimately  mixed,  thus  necessitating 
fine  crushing,  are  best  treated  by  a  preliminary  roasting,  fol- 
lowed by  magnetic  concentration. 

It  may  here  be  remarked  that  no  matter  what  method  of 
beneficiation  is  adopted,  whether  it  be  handpicking,   jigging 
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or  some  other  form  of  concentration,  magnetic  concentration, 
calcining,  or  roasting,  it  involves  an  additional  expense;  and 
the  representations  that  have  been  made  to  Parliament 
asking  that  production  of  iron  ore  in  Canada  be  encouraged 
by  the  granting  of  a  bounty,  are  being  based  on  the  fact  large- 
ly that  practically  all  Canadian  ores  reqxiire  to  be  beneficiated 
to  make  them  merchantable.  It  may  confidently  be  affirmed 
that  the  granting  of  such  a  bounty  would  have  a  most  stimu- 
lating eff'ect  and  that  the  country  would  be  repaid  many  times 
its  outlay  from  the  business  created  incidental  to  the  produc- 
tion of  the  ore  and  from  the  profits  derivable  from  its  trans- 
portation over  the  National  Railway. 

At  present  the  ores  supplied  to  Canadian  furnaces  are 
derived  from  the  mines  of  Michigan  and  Minnesota.  It  is, 
however,  computed  that  the  reserves  of  ore  of  merchantable 
grade  in  the  Lake  Superior  region  of  the  United  States,  at  the 
present  rate  of  consumption,  will  be  exhausted  within  about 
twenty-five  years.  When  then,  these  reserves  begin  to  fail 
it  is  scarcely  to  be  expected  that  Canada  will  continue  to  be 
allowed  to  draw  on  them.  Already  in  the  United  States  a 
sentiment  exists  that  the  diminishing  supply  of  anthracite 
there  should  be  conserved  for  the  use  of  American  consumers ; 
and  consequently  it  is  not  unreasonable  to  anticipate  that  a 
similar  point  of  view  will  be  held  in  respect  of  iron  ore,  when 
it  becomes  less  available  than  at  present.  Hence  it  is  ob- 
viously the  part  of  wisdom  for  Canadians  to  prepare  forth- 
with to  become  independent  of  outside  sources  of  supply. 
Incidentally  it  may  be  noted  that  unless  new  discoveries  of 
merchantable  ores  are  found  in  the  United  States,  the  American 
furnaces  will  be  dependent  on  ores  like  our  own,  which  on 
account  of  their  leanness,  or  of  the  presence  of  deleterious  con- 
stituents must  receive  preliminary  treatment  or  beneficiation 
to  make  them  suitable  for  furnace  use;  and  already  a  plant  of 
300  ton  capacity  has  been  erected  at  Babbitt,  Minnesota  to 
treat  magnetic  ores  having  an  iron  content  of  only  20%  to 
30%.  As  noted  many  of  the  Canadian  ores  carry  a  con- 
siderably higher  percentage  of  iron  than  those  that  will  be 
treated  at  Babbitt. 

In  discussing  the  smelting  of  iron  ores  in  central  Canada, 
the  question  of  fuel  is  an  important  one.    The  region  in  which 
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the  iron  ranges  occur  is  without  fuel  resources,  but  is  provided 
with  abundant  water  power.  The  direct  reduction  of  iron 
ores,  and  their  conversion  into  steel  in  the  electric  furnace,  is 
only  likely  to  be  economically  successful  in  very  exceptional 
circumstances.  Coal  of  a  high  grade  of  quality  is  obtainable 
in  Alberta,  but  transportation  costs  prohibit  its  use  in  com- 
petition with  American  coal  to  points  on  the  Great  Lakes. 
The  most  probable  solution  of  the  problem  of  utilizing  domestic 
supplies  of  both  iron  and  coal,  would  seem  to  be  in  the  nature 
of  a  compromise,  namely,  by  employing  coal  only  for  the 
reduction  of  the  ore  to  the  metallic  state,  and  by  using  elec- 
trical energy  for  the  final  high  temperature  treatment.  The 
additional  cost  involved  in  using  Alberta  coal  to  this  limited 
extent  would  then  be  of  less  consequence. 

In  brief  the  situation  may  be  summarized  as  follows: 

1.  In  the  Great  Lakes  region  of  Ontario  served  by  the 
Canadian  National  Railway,  are  immense  resources  of  low 
grade  iron  ore. 

2.  These  ores  by  various  methods  of  beneficiation  can 
be  raised  to  a  merchantable  standard  suitable  for  furnace  use. 

3.  In  many  instances  a  market  can  be  obtained  for  the 
waste  rock  separated  during  the  process  of  beneficiation,  which 
could  be  used  for  road  metal,  ballast,  or  in  concrete. 

4.  Throughout  the  region  there  is  abimdant  water 
power  for  the  production  of  electric  energy. 

5.  The  absence  of  carbon  fuel  can  be  minimized,  probably 
by  restricting  the  use  of  coal  to  its  employment  in  a  pulverized 
form  for  reducing  the  ores  to  the  metallic  state,  and  utilizing 
electric  furnaces  for  the  final  stages  of  treatment.  As  the 
amount  of  coal  thus  used  would  be  comparatively  small, 
this  would  permit  of  the  use  of  Albertan  coal. 

6.  The  proximity  to  the  markets  of  the  three  Prairie 
provinces  would  ensure  an  advantage  for  the  product  over 
that  of  eastern  furnaces. 

During  the  fiscal  year  1919-1920  there  was  an  adverse 
trade  balance  of  $192,000,000  in  respect  of  mineral  products, 
chiefly  iron  and  coal;  the  loss  in  exchange  alone  amounting  to 
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$40,000,000.  Surely  these  figures  are  in  themselves  sufficiently 
startling  to  indicate  the  necessity  of  immediate  action  to  pro- 
vide for  the  utilization  of  our  own  resources.  Hence  the 
writer  would  submit  that  Government  be  urged  in  the  strongest 
possible  manner  to  stimulate  the  utilization  of  these  resources 
by  providing  a  suitable  bounty,  directly  payable  to  the  mine 
operator,  on  all  Canadian  iron  ore  mined  and  marketed,  with- 
out restriction;  and  that  this  provision  be  operative  over  a 
sufficient  period  of  years  to  make  the  exploration,  development, 
and  mining  of  iron  ores  attractive  to  capital ;  and  (2)  to  instal 
at  some  suitable  centre  an  experimental  plant  of  a  sufficient 
size  to  make  economic  determinations  of  the  possibilities  of 
the  beneficiation  of  jaspilite  ores. 


MANGANESE  STEEL  CASTINGS  IN  THE  MINING 
INDUSTRY. 

By  W.  S.  McKee  and  J.  M.  Blake. 

(Annual  General  Meeting,  Montreal,  March,  1921) 

There  are  three  distinct  methods  or  processes  of  manufac- 
ture of  manganese  steel  namely:  the  converter,  the  open 
hearth,  and  the  electric  furnace  methods. 

By  the  converter  process,  in  more  general  use,  a  charge 
of  low  phosphorus  pig  iron  and  steel  scrap  is  melted  in  a  cupola, 
and  the  metal  transferred  to  a  converter,  which  converts  it 
to  a  'dead  soft'  steel.  The  ferro-manganese,  having  a  man- 
ganese content  of  78%  to  80%  is  melted  separately  in  cru- 
cibles, in  a  cupola,  or  in  a  specially  designed  oil-burning  furnace. 
It  is  placed  in  the  bottom  of  the  ladle  or  the  converter  and  the 
molten  charge  of  steel  poured  in.  Enough  ferro-manganese 
is  used  so  that  the  finished  heat  will  contain  about  123^%  man- 
ganese. This  is  an  average  figure;  the  United  States  Govern- 
ment's specifications  are  from  11%  to  133/^%. 

In  the  open  hearth  process,  the  ferro-manganese  is  melted 
separately  and  added  in  the  ladle,  as  in  the  converter  process. 
On  account  of  the  large  heats  that  have  to  be  disposed  of, 
and  the  rather  low  temperature  of  the  metal  compared  with 
that  from  the  converter,  this  process  is  not  very  practicable 
for  most  of  the  work  that  the  manufacturers  of  manganese 
steel  castings  are  called  upon  to  undertake. 

During  the  past  two  years  a  small  tonnage  of  manganese 
steel  has  been  made  in  the  electric  furnace.  Although  this 
process  is  in  its  infancy,  enough  experimental  work  has  been 
done  and  sufficient  data  obtained  to  warrant  the  prediction 
that  the  time  is  near  when  the  electric  furnace  will  supercede 
the  converter  and  the  open  hearth  for  the  manufacture  of 
manganese  steel  castings. 

Electrically  melted  steel  is  denser  and  freer  from  oxides 
and  gases  than  is  the  product  of  the  converter  or  the  open 
hearth  furnace.  This  is  due  to  the  fact  that  the  material  is 
melted  in  a  non-oxidizing  environment.  The  ferro-manganese 
is  charged  in  the  furnace  just  prior  to  teeming  the  heat,  and 
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this  results  in  a  thorough  amalgamation,  any  possibility  of 
a  segregation  of  metallic  manganese  being  eliminated.  An- 
other great  advantage  is  that  the  heat  can  be  controlled  ab- 
solutely, both  as  regards  temperature  and  chemical  properties. 

The  Structure. — When  first  taken  from  the  mold  a  man- 
ganese steel  casting  is  weak,  and  has  little  ductility,  probably 
because  of  the  presence  of  a  large  quantity  of  free  carbide. 
On  being  heated  to  about  1800°  F.  and  quenched  in  water, 
its  tenacity  is  greatly  increased  and  it  becomes  very  ductile. 
This  treatment  is  called  'water  toughening',  and  the  change 
in  the  properties  resulting  therefrom  is  probably  due  to  the 
absorption  of  the  free  carbide  at  the  high  temperature  and 
its  retention  in  solution  by  quick  cooling. 

The  structures  in  the  cast  and  heated  conditions  are  shown 
in  Figure  1  and  2.  In  the  cast  sample,  (Figure  1),  the  carbide 
occurs  as  a  heavy  film  or  membrane  around  the  austenitic 
grains.  The  treated  sample,  (Figure  2),  is  nearly  free  of  this 
carbide,  the  boimdary  lines  of  the  austenitic  grains  being  very 
faint. 

If  the  steel  is  again  heated  to  over  700°  F.  and  allowed 
to  cool  in  the  air,  the  result  is  a  precipitation  of  the  carbide, 
which  affects  injuriously  the  quality  of  the  steel.  Therefore, 
it  is  imperative  that  manganese  steel  be  not  heated  to  a  tem- 
perature exceeding  700°  F.  after  being  heat-treated,  and  in 
order  to  be  on  the  safe  side,  it  is  well  not  to  heat  such  castings 
above  400°. 

Chemical  Properties. — The  usual  composition  of  manganese 
steel  is  as  follows: — Carbon  1.00  to  1.30  per  cent;  Manganese 
11.00  to  14.00  per  cent;  Silicon  0.30  to  0.80  per  cent;  Phos- 
phorus 0.05  to  0.08  per  cent.  The  surphur  is  so  low  that  it 
need  not  be  considered,  any  sulphur  that  was  originally  present 
being  eliminated  by  the  manganese,  probably  as  a  sulphide. 

General  Properties. — Manganese  steel  has  a  very  high  co- 
efficient of  expansion,  patterns  being  made  with  a  shrinkage 
allowance  of  5/16"  to  one  foot  as  against  3/16"  to  1/4"  in 
ordinary  carbon  steel  practice.  In  some  cases  5/16"  is  not 
quite   enough. 

It  is  remarkable  that  manganese  steel  is  non-magnetic; 
and  although  containing  over  85%  metallic  iron,  is  scarcely 
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attracted  by  the  magnet,  the  pull  being  so  slight  that  it  cannot 
be  felt  with  the  hand.  It  is  a  conductor  of  electricity,  but 
for  a  metal,  a  very  poor  one. 

Properties  of  the  Steel  After  Heat  Treatment. — The  hardness 
of  'water  toughened'  manganese  steel  is  unique.  It  is  a  com- 
mon belief  that  manganese  steel,  besides  being  tough,  is  very 
hard;  by  the  Brinell  test  the  hardness  is  about  200.  It  can 
be  dented  with  a  hammer  or  marked  with  a  chisel  or  a  file,  but 
it  is  almost  impossible  to  work  it  to  any  extent,  except  with 
abrasive  wheels.  The  outer  surface  is  slightly  softer  than 
at  a  depth  of  about  one  eighth  of  an  inch,  after  which  the 
hardness  number  remains  constant  to  the  core  of  the  casting. 
The  lower  degree  of  hardness  at  the  surface  is  due  to  an  oxi- 
dation of  the  carbon  during  heat  treatment. 

Specially  heat-treated  carbon  steel,  chrome- vanadium, 
chilled  iron  and  some  other  metals,  are  harder  than  manganese 
steel,  but  they  lack  its  toughness,  which  is  'tough-hardness' 
and  not  'brittle-hardness'  It  is  this  peculiar  property  that 
gives  manganese  steel  its  wonderful  wear-resisting  qualities, 
especially  noticeable  when  it  is  subjected  to  severe  shocks. 
Chilled  iron  has  been  known  to  outwear  manganese  steel,  but 
only  when  the  chilled  iron  was  not  subjected  to  shocks. 

The  physical  properties  vary  somewhat,  but  the  following 
figures  are  fairly  expressive:  Tensile  strength  105,000  to 
110,000  pounds  per  square  inch;  elastic  limit,  50,000 
pounds  per  square  inch;  elongation  in  2  inches,  from  39%  to 
40%;  reduction  in  area,  37%  to  42%. 

In  manganese  steel  the  percentage  of  reduction  is  less 
than  the  percentage  of  elongation,  whereas  in  carbon  steels, 
and,  in  fact,  in  nearly  all  alloy  steels,  the  percentage  of  reduct- 
ion is  usually  twice  or  three  times  the  percentage  of  elongation. 
The  elastic  limit  in  manganese  steel  is  also  very  low,  and  cannot 
easily  be  distinguished  during  the  pulling  of  the  bar.  Owing 
to  its  low  elastic  limit  and  high  ducility,  manganese  steel  is 
disposed  to  flow  under  stress.  A  repetition  of  heavy  blows 
from  a  hard  substance  will  slowly  batter  it  out  of  shape. 

Molding  and  Pouring. — Owing  to  the  high  coefficient  of 
expansion  and  other  problems  connected  with  the  'water- 
toughening  process',  the  design  of  the  casting  is  most  import- 
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ant.  Often  a  simple  change  means  success  or  failure  in  the 
foundr^^  It  is  most  important  so  to  design  the  part  that  the 
sections  are  fairly  imiform.  If  a  thick  section  cannot  be 
avoided,  necessary  head  metal  must  be  provided  at  this  point. 

Manganese  steel  settles  to  a  considerable  extent  as  it 
solidifies,  requiring  larger  rinsers  or  heads  than  carbon  steel. 
The  molds  are  made  in  either  green  or  dry  sand.  Recently 
good  results  have  been  obtained  by  making  certain  light 
castings  in  cores. 

Heat  Treatment. — Although  the  chemical  composition  of 
manganese  steel  is  very  important  in  determining  its  quality, 
the  heat  treatment  from  which  it  obtains  toughness  and  duc- 
tility is  doubly  important.  Regardless  of  how  ideal  the  che- 
mical composition  may  be,  if  not  properly  heat-treated  the 
casting  is  practically  worthless.  This  process  consists  in 
subjecting  the  castings  to  a  temperature  of  about  1800°  F., 
of  holding  this  temperature  until  the  heat  has  penetrated 
the  entire  section,  and  then  cooling  quickly  by  quenching  in 
cold  water. 

The  time  required  to  heat-treat  castings  is  governed 
largely  by  the  thickness  of  the  section  and  the  design  of  the 
casting.  Although  a  bar  of  3  sq.  in.  could  safely  be  placed 
in  a  furnace  having  a  temperature  of  1500°  to  1600°  F.,  for 
heat-treatment,  if  a  casting  of  intricate  design  were  treated 
in  this  way  failure  would  result.  The  correct  practice  is  to 
have  the  temperature  of  the  furnace  about  the  same  as  that 
of  the  casting  and  to  heat  slowly  until  the  casting  is  red,  after 
which  no  time  is  lost  in  finishing  the  heat  and  quenching,  to 
avoid  as  much  oxidation  as  possible. 

Authorities  differ  to  some  extent  concerning  what  con- 
stitutes a  safe  limit  of  thickness  in  a  manganese  steel  casting. 
In  order  to  be  best  suited  for  the  purpose  for  which  it  is  in- 
tended, the  casting  must  be  thoroughly  heat-treated;  that  is, 
toughened  throughout.  Manganese  steel  castings  having 
walls  six  inches  thick  have  been  made,  but  internal  cracks  or 
checks  in  the  central  portion  of  these  walls  have  proved  de- 
trimental and  in  several  cases  these  heavy  castings  have  failed 
in  service. 

It  has  been  definitely  determined  that  castings  having 
sections  one  inch  to  three  inches  in  thickness  can  be  thoroughly 
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toughened.  In  many  instances,  heavier  sections  up  to  four 
inches  in  thickness  have  been  successfully  heat-treated.  But 
the  writer  believes  that  the  more  advanced  manufacturers 
of  manganese  steel  will  agree  that  castings  having  sections 
three  inches  or  less  are  more  thoroughly  and  completely  tough- 
ened during  treatment  than  are  castings  having  thicker  sec- 
tions. 

Cleaning  and  Machining.— Very  little  sand  adhers  after 
the  casting  comes  from  the  'water  toughening'  operation. 
As  no  progress  can  be  made  in  cleaning  the  castings  by  the 
use  of  chisels  or  other  tools,  it  is  necessary  to  use  abrasive 
wheels.  Where  castings  are  to  be  accurately  finished  ordinary 
machining  methods  are  of  no  use,  and  again  a  resort  must  be 
made  to  grinding.  If  holes  of  more  than  VA  inch  in  diameter 
are  required  in  the  castings,  they  are  cored  and  ground  to  size 
with  special  wheels.  When  it  is  necessary  to  drill  smaller 
holes  or  to  cut  threads,  soft  steel  or  wrought  iron  inserts  are 
set  in  the  molds  at  the  desired  points  and  the  metal  is  cast 
around  them.  Sometimes  bushings  are  set  in  the  hubs  of  wheels, 
gears  and  pinions,  when  it  is  desired  to  machine  them  by  ordi- 
nary methods. 

Some  Uses  for  Manganese  Steel. 

Tube  Mill  and  Ball  Mill  Liners. — Manganese  steel  castings 
play  an  important  part  in  the  mining  industry.  Fifteen  or 
sixteen  years  ago  they  were  used  in  only  a  few  mills,  but 
today  it  is  an  exception  to  find  a  mine  or  a  mill  or  a  smelter 
in  which  they  are  not  used.  Since  the  advent  of  the  wet 
grinding  ball-mill  in  the  reduction  of  ores,  the  tonnage  of 
manganese  steel  castings  used  by  the  mining  companies  has 
very  greatly  increased.  This  metal  at  once  established  itself 
as  by  far  the  most  economical  for  the  purpose  of  lining  both 
the  shells  and  the  ends  of  these  mills. 

Manganese-steel  liners  are  particularly  successful  in  mills 
carrying  a  heavy  load  of  forged  steel  balls  four  to  six  inches 
in  diameter  Here  the  liner  must  be  very  tough  and  must 
possess  maximum  wear-resisting  qualities. 

In  many  instances  manganese-steel  liners  have  also  proved 
economical  in  tube-mills  carrying  a  grinding  medium  composed 
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of  either  pebbles  or  small  metal  balls.  Needless  to  say,  where 
the  pebble  or  ball  load  is  comparatively  light,  in  many  instances 
a  liner  possessing  less  toughness  and  strength  than  manganese 
steel  will  suffice. 

The  various  designs  of  liners  for  tube  mills  and  ball  mills 
may  now  be  considered: 

Komata  Design. — This  liner  was  first  introduced  at  the 
plant  of  the  Komata  Reef  Gold  Mining  Company,  in  New 
Zealand,  and  is  now  used  in  practically  all  the  tube  mills  in 
that  country.  In  the  United  States,  it  was  first  used,  in  1911, 
by  the  Goldfield  Consolidated  Milling  and  Transportation 
Company,  and  its  merits  were  so  evident  that  now  over  one 
hundred  tube-mills  in  the  United  States,  Canada,  and  Alaska 
are  lined  with  the  Komata  type  of  liner.  It  is  used  for  pebbles 
and  balls  up  to  and  including  three  inches  in  diameter,  in 
either  wet  or  dry  grinding. 

This  metal  liner  consists  of  a  series  of  plates  and  lifting 
bars  securely  attached  to  the  shell  of  the  mill  by  squareheaded 
taper  bolts,  drawn  up  from  the  outside,  so  that  the  plates  are 
held  in  place  even  when  worn  extremely  thin.  The  lifting 
bars  carry  the  pebbles  or  balls  up  to  a  point  considerably 
beyond  the  centre  line  of  the  mill,  causing  an  almost  perfect 
cascading  action.  For  this  reason  the  pebbles  or  balls  main- 
tain a  spherical  shape,  and  the  great  commotion  or  rolling 
action  of  the  pebbles  or  balls  produce  an  effective  grinding 
action.  They  do  not  slip  on  the  liners,  with  the  result  that 
the  life  of  the  plates  is  prolonged  and  the  tendency  of  the 
pebbles  or  balls  to  become  flat  is  prevented. 

The  lifting  bars  are  invariably  of  manganese  steel,  because 
of  the  great  wear  to  which  they  are  subjected.  The  lining 
plates  are  generally  of  the  same  material,  but  if  local  conditions 
warrant,  they  can  be  cast  of  semi-steel,  or  white  iron,  at  local 
foundries. 

To  prevent  the  liner  from  cupping  around  the  bolt  holes, 
raised  bosses  are  placed  on  the  castings  around  each  hole. 
In  operation,  the  pulp  soon  gets  behind  the  plates  and  forms  a 
cushion  or  backing.  The  lifting  bars  are  spaced  from  18  inches 
to  20  inches  apart,  according  to  the  diameter  of  the  mill. 
The  filler  bars,  which  are  placed  underneath  the  lifting  bars, 
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are  not  exposed  to  wear,  and  therefore  are  made  of  soft  cast 
iron.  The  joints  in  the  bars  are  staggered  with  the  joints  in  the 
liner  plates,  to  prevent  the  formation  of  grooves  or  channels  in 
which  the  pulp  might  travel  and  wear  the  shell  of  the  mill. 

There  are  several  modified  designs  of  Komata  liners.  All 
function  similiarly  in  the  mill.  One  modified  design  is  that 
of  the  lifting  bar  type,  suitable  for  heavy  ball  grinding  opera- 
tions. The  lifting  bars  hold  the  liner  plates  in  position  and 
reduce  the  number  of  bolts  by  one-half.  The  lifting  bar  is 
reversible,  which  is  an  economical  feature. 

Wedge  Bar  Design. — This  is  another  method  of  utilizing 
the  lifting  bars  for  holding  the  liner  plates  in  position,  thereby 
doing  away  with  one-half  the  usual  number  of  bolts.  A 
casting  entirely  of  manganese  steel,  is  not  practical,  as  it  would 
not  permit  of  any  flowing  or  stretching  of  the  metal.  A 
combination  of  manganese  steel  lifting  bars  and  cast  iron 
plates  is  recommended,  but,  when  using  heavy  balls,  it  is 
imperative  that  the  plates  should  be  of  steel.  Hence  for 
heavy  ball  service  the  Wedge  Bar  design  is  not  a  practical  one. 

El  Oro  and  Forbes  Designs. — These  designs  are  widely 
used,  especially  as  a  liner  for  tube  mills  using  a  pebbler.  The 
liner  is  composed  of  a  series  of  upstanding  metal  ribs,  between 
which  the  pebbles  or  balls  become  wedged,  thereby  becoming 
a  part  of  the  liner  and  affording  considerable  value  as  hner 
material. 

The  two  designs  have  a  close  resemblance.  In  the  El 
Oro  design  the  upstanding  ribs  are  tied  together  with  a  plate 
at  the  back,  and  in  the  Forbes  design  there  are  openings  be- 
tween the  ribs  that  extend  all  the  way  through  the  liner. 

Cascade  or  Step  Design. — This  design  is  used  extensively 
when  the  mill  is  designed  to  take  a  coarse  feed.  To  the  best 
of  the  writer's  knowledge  it  was  first  used  in  mills  of  the  Krupp 
type  for  dry  grinding  in  cement,  although  as  used  in  that 
connection  the  plates  were  provided  with  cored  holes  of  about 
5/8  inch  in  diameter  through  which  the  pulverized  material 
passed. 

The  Cascade  lining  consists  of  a  series  of  plates  or  slabs 
extending  from  end  to  end  of  the  mill.  These  plates  are  3 
inches  to  3}4  inches  thick  at  one  edge,  and  taper  to  about 
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7/8  inch  thick  at  the  opposite  edge.  The  thicker  edge  perforrr.s 
the  same  function  as  the  Hfting  bars  in  the  Komata  Hner.  The 
rolHng  of  the  balls  and  ore  burden  from  step  to  step  gives  a 
cascading  effect.  One  plant  in  the  Southwest  is  equipped 
with  forty-eight  ball  mills  of  this  type,  and  there  are  other 
large  installations  of  a  similar  character.  Many  of  these  mills 
are  provided  with  a  one-piece-feed  end  liner.  Some  very 
interesting  data  have  been  compiled  concerning  the  perform- 
ance of  this  type  of  shell  liner  and  feed  end  liner.  The  average 
weight  of  a  set  of  shell  liners  and  feed  end  liners  for  one  of 
these  mills  is  28,000  pounds.  They  carry  a  continuous  ball 
load  of  approximately  the  same  weight. 

As  applied  to  the  shell  liners,  the  average  consumption 
of  manganese  steel  over  a  period  of  six  months  was  206  pounds 
per  ton  of  crushed  ore ;  in  the  case  of  the  end  liner  castings  the 
average  consumption  of  manganese  steel  per  ton  of  ore  crushed 
was  .076  pounds. 

Rod  Mill  Liners. — It  is  a  little  early  as  yet  to  state  defini- 
tely whether  manganese  steel  will  prove  to  be  the  most  econo- 
mical liner  for  rod  mills.  Liners  must  withstand  very  severe 
action,  as  the  charge  of  rods  (each  33^^  inches  diameter)  weighs 
nearly  30,000  pounds.  The  liners  are  usually  of  the  wave 
design,  in  order  to  impart  the  proper  grinding  motion  to  the 
rods. 

To  enumerate  all  of  the  various  methods  of  using  manga- 
nese steel  is  beyond  the  scope  of  this  paper,  but  we  may  mention 
that  this  material  has  proved  its  superiority  for  scoop  feeder 
lips,  crusher  and  roll  parts,  gears  and  pinions,  sheave  and  other 
wheels,  grizzly  bars,  launder  and  chute  liners,  steam  shovel 
and  dredge  parts,  railroad  frogs  and  crossings.  In  fact  for 
manganese  steel  may  be  claimed  superior  qualities  in  resisting 
shock  and  abrasion. 


THE    DEVELOPMENT    OF    NON-CORRODIBLE    GUN 

BARRELS. 

By  F.  a.  Fahrenwald. 

(Western  Annual  General  Meeting,  Winnipeg,  October,  1920) 

Firearms  of  successively  improved  types  have  been  in- 
timately associated  with  man  for  centuries,  and,  as  weapons 
of  defense  or  aggression  or  as  a  means  of  securing  food  and 
clothing  few  other  tools  or  implements,  have  played  an  equally 
important  part  in  the  progress  of  civilization.  Of  late,  however, 
except  for  use  in  warfare,  firearms  have  ceased  to  be  counted 
among  man's  general  necessities  and,  aside  from  arms'  manu- 
facturers, this  specialised  subjects  is  one  of  interest  chiefly  to 
men  in  remote  regions  where  guns  are  still  essential,  and  to 
modern  disciples  of  Daniel  Boone  and  David  Crockett  who 
find  recreation  in  target-shooting  or  game-hunting.  Arms  of 
various  kinds  are  also  owned  by  numerous  individuals  for  self-and 
home-protection.  That  the  total  number  so  owned  may  not 
be  inconsiderable  is  attested  by  the  million  or  more  per  year 
that  in  normal  times  one  of  our  large  manufacturers  is  reported 
to  have  produced. 

Most  of  the  firearms  used  in  America  are  made  by  three 
large  companies,  several  smaller  concerns,  and  by  the  United 
States  Ordnance  Department,  so  the  technical  phases  of  this 
field  are  not  of  very  general  interest  to  engineers.  Hence 
much  detailed  description  or  technical  data  may  be  here 
omitted. 

Since  old  enough  to  carry  a  gun  I  have  been  intensely 
interested  in  firearms  and  from  necessity,  convenience,  or 
pleasure  have  used  practically  every  type  of  arm  of  American 
or  foreign  manufacture.  These  have  served  me  under  widely 
varying  conditions,  and  have  been  carried  in  remote  districts 
from  the  tropics  to  the  Arctic,  so  I  have  had  abundant  opportu- 
nity to  study  the  practical  functioning  of  firearms  under  a 
wide  range  of  field  conditions.  Some  few  constructional 
inprovements  might,  of  course,  be  suggested  but,  if  general 
mechanical  stability  were  the  determining  factor,  most  commer- 
cial guns  would  give  service  indefinitely. 

(196) 
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In  common,  however,  with  all  articles  manufactured 
from  ordinary  iron  or  steel,  firearms  are  very  susceptible  to 
the  action  of  certain  chemicals  and  are  quickly  rusted  under 
ordinary  atmospheric  conditions.  Perspiration  and  other  salt 
solutions  are  very  corrosive  also,  and  great  care  must  be  ex- 
ercised at  all  times  to  prevent  surface  deterioration  from  this 
cause.  The  vital  part  of  a  firearm,  of  course,  is  the  bore, 
and  if  this  becomes  inaccurate  from  any  cause  the  arm  ceases 
to  perform  its  intended  function.  In  the  case  of  shotguns, 
a  slight  roughening  of  the  bore  surface  is  without  serious  effect 
on  accuracy  or  power,  but  in  the  case  of  rifled  arms  the  slightest 
surface  irregularities  invariably  cause  variations  in  projectile 
flight,  and  in  high- velocity  rifles  of  small  calibre  this  is  especially 
serious. 

The  bore  of  a  firearm  may  deteriorate  through  one  or  both 
of  the  following  causes:  (A)  mechanical  erosion;  (B)  chemical 
corrosion. 

(A)  Erosion  of  the  bore  surface  may  be  due  to  (1)  friction- 
al  wear  of  projectile,  (2)  cutting  action  of  high-velocity  powder 
particles  and  gases  under  high  pressure  and  temperature,  and 
(3)  mechanical  wear  by  tools  carelessly  used  in  cleaning  the 
bore. 

(B)  Corrosion  may  result  from  (1)  atmospheric  oxidation 
(rusting),  or  (2)  attack  by  chemical  compounds  resulting  from 
combustion  of  the  propellant.  This  latter  may  be  subdivided 
into  (a)  chemical  action  of  gases  at  high  temperature,  and  (b) 
action  of  residues  which  remain  adherent  upon  the  surface  of 
the  bore  after  firing. 

Erosion  of  Gun  Bores. — Few  arms  for  target  or  sporting 
purposes  are  ever  fired  a  sufficient  number  of  times,  or  rapidly 
enough,  to  cause  either  projectile-wear  or  gas-cutting.  The 
barrels  of  military  arms,  however,  are  often  subjected  to  ex- 
treme rapidity  of  fire  which,  with  the  attending  high  temper- 
atures, soon  results  in  an  enlarged  and  roughened  bore  with 
consequent  loss  of  power  and  accuracy.  The  accuracy-life 
of  the  average  military  rifle  may  vary  from  about  500  to 
15,000  rounds,  depending  upon  the  type  of  powder  used  and  the 
rapidity  with  which  it  is  fired.  In  machine-guns,  the  actual 
firing-life  may  thus  be  not  more  than  about  fifteen  minutes. 
In  large  calibre  ordnance  the  accuracy-life  may  be  only  a  few 
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hundred  rounds.  These  effects  of  mechanical  erosion  are  va- 
riously ascribed  to  projectile-wear,  gas-cutting,  local  high 
temperatures,  production  of  amorphous  surface  film,  com- 
bination of  surface  metal  with  carbon  or  nitrogen,  and  to 
other  causes,  each  of  which  is  considered  by  their  respective 
proponents  as  the  most  serious  factor  in  gun-barrel  erosion. 

Corrosion  of  Gun  Bores. — In  the  tropics  or  in  coast  districts 
as,  for  instance,  along  the  Pacific  Northwest,  it  is  almost  im- 
possible, because  of  excessive  moisture,  to  prevent  atmospheric 
oxidation  ard  without  constant  attention  a  gun  becomes  badly 
rusted  within  and  without,  both  barrel  and  action;  in  some 
cases  so  completely  as  to  prevent  manipulation. 

Protection  against  air  and  moisture  only  is,  of  course, 
not  impossible,  but  the  corrosive  residue  from  modern  smokeless 
cartridges  is  extremely  diflPcult  to  guard  against  and  soon 
manifests  itself  in  the  form  of  pits  and  irregularities  on  the 
bore  surface  of  practically  every  gun  through  which  a  number 
of  rounds  Have  been  fired,  and  only  exceptional  care  and 
thorough  chemical  cleaning  will  preserve  the  condition  of  the 
original  bore  surface.  In  the  case  of  arms  using  most  of  the 
popular  types  of  cartridges,  repeated  failure  properly  to  clean 
immediately  after  firing  results  in  a  seriously  corroded  (pitted) 
bore,  and  when  shooting  any  of  the  present  types  of  smokeless 
cartridges  the  barrel  becomes  appreciably  roughened  and  in- 
capable of  accurate  work  if  left  uncleaned  for  only  a  few  hours. 
The  number  of  arms  which  become  useless  each  year  because 
of  a  rusted  and  pitted  condition  is  enormous.  I  have,  how- 
ever, seen,  in  the  service  of  trappers  and  Indians  of  the  far 
North,  guns  which  apparently  had  not  been  cleaned  since 
leaving  the  factory,  but  for  other  than  very  short  ranges 
these  were  so  inaccurate  as  to  be  worthless;  though  usually 
the  owner  of  the  weapon  does  not  realize  that  the  inaccuracy 
is  due  to  a  corroded  bore  and  the  handicap  is  accepted  as  a 
matter  of  course.  As  an  interesting  example  of  how  important 
a  small  matter  of  this  kind  may  become  I  might  cite  the  case 
of  an  Alaskan  Indian  who  with  his  own  badly  rusted  and  in- 
accurate rifle  had  considerable  difficulty  in  securing  meat 
enough  for  the  needs  of  his  own  family,  but,  after  I  had  loaned 
him  one  of  mine  and  had  instructed  him  in  its  care  he  easily 
provided  food  for  the  entire  camp. 
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The  active  chemical  agencies  which  must  be  guarded 
against  are  atmospheric  and  those  resulting  from  the  com- 
bustion of  gunpowders  and  the  various  types  of  primers  or 
detonators.  The  first  includes  oxygen  and  moisture  of  the 
air  which  produces  the  familiar  rusting  effects.  The  second 
includes  compounds  of  oxygen,  hydrogen,  carbon,  or  nitrogen, 
and  also  metallic  salts  from  the  primer,  and  metal  from  the 
bullet  jacket  material.  These  powder  and  primer  products  may 
be  effective  in  gaseous  form  during  the  actual  time  of  the  ex- 
plosion or  they  may  be  active  in  the  form  of  an  adhering  residue 
throughout  a  considerable  time  after  firing. 

Corrosion  by  Atmosphere. — Ordinary  firearms,  in  common 
with  all  articles  of  iron  and  steel,  are  quickly  rusted  if  exposed 
to  the  oxidizing  action  of  air  and  moisture ;  and  it  is  extremely 
difficult  to  prevent  this  deterioration  of  gun  bores,  or  mechan- 
isms, particularly  if  other  salts  are  present. 

These  effects,  and  available  means  for  their  prevention 
are  well  known  and  do  not  warrant  further  discussion  here. 

Corrosion  by  Gases. — The  chemical  composition  of  modern 
propellants  is  quite  definitely  known,  but  there  seems  to  be 
little  information  available  concerning  the  constituents  into 
which  these  are  decomposed  upon  firing. 

Practically  all-powders  in  use  at  the  present  time  for  sport- 
ing or  military  purposes  are  of  the  smokeless  type  and  com- 
prise some  form  of  nitro-glycerine  or  nitro-cellulose,  or  some 
combination  of  the  two.  The  formula  for  nitro-cellulose  (gun- 
cotton)  may  be  written  C6H7O2  (NOs).^.  The  exact  composi- 
tion of  unburnt  powder,  however,  does  not  foretell  the  corrosive 
or  erosive  effect  of  the  products  of  combustion,  but  it  suffices 
to  know  that  only  some  form  or  combination  of  hydrogen, 
nitrogen,  oxygen,  and  carbon  can  result  from  the  combustion 
of  smokeless  powder. 

The  mean  temperature  of  the  gases  in  the  bore  during  the 
explosion  of  the  military  cartridge  is  stated  by  the  Ordnance 
Department  to  be  approximately  2150°  C.  (3900°  F.)  so  that 
during  the  explosion  all  metallic  salts  from  the  primer  are 
probably  in  the  form  of  vapour.  Very  little  is  known  con- 
cerning the  effect  of  volatilized  salts  of  potassium,  mercury, 
or  other  metals  which  may  be  part  of  the  primer  constituents. 
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There  is  also  very  little  information  available  concerning 
the  composition  of  powder  gases  under  conditions  of  pressure 
and  temperature  which  exist  in  the  bore  and  chamber  of  a 
firearm  during  the  explosion.  It  has  been  stated  that  the 
gases  of  combustion  contain  hydrogen,  water  vapour,  carbon 
monoxide,  carbon  dioxide,  nitrogen  and  nitrous  oxide,  although 
the  formation  of  nitrous  oxides  in  the  presence  of  hydrogen  or 
incompletely  oxidized  carbon  under  high  pressure  and  temper- 
ature is  hardly  to  be  expected. 

It  is  well  known  that  under  pressure  in  the  presence  of 
moisture,  carbon  dioxide  gas  corrodes  iron  quite  rapidly,  but 
even  if  this  gas  is  present  during  the  explosion  of  gunp>owder 
the  time  of  contact  is  so  extremely  short  that  this  possibility 
may  be  dismissed,  and  it  is  a  matter  of  experience  that  with 
most  arms  no  noticeable  chemical  corrosion  occurs  during  the 
actual  time  of  the  explosion. 

The  chemical  effects  of  gaseous  compounds  under  the  con- 
ditions of  extremely  high  pressures  and  temperatures  which 
maintain  at  the  time  of  firing  are  far  more  drastic,  however, 
than  those  of  the  same  compounds  under  normal  conditions 
of  temperature  and  pressure;  and  while  the  effect  of  these 
tmder  normal  conditions  may  be  zero  they  cannot  be  entirely 
overlooked  in  this  case.  That  these  effects  are  of  relatively 
slight  practical  importance,  however,  is  attested  by  the  fact 
that  if  a  barrel  is  properly  cleaned,  both  mechanically  and  che- 
mically, immediately  after  firing  and  then  coated  with  a 
substance  which  will  exclude  oxygen  and  moisture,  the  accu- 
mulated effect  of  chemical  reactions  which  take  place  during 
actual  firing  will  never  be  sufficient  to  produce  serious  corrosion. 

Corrosion  by  Residues. — The  deterioration  of  unprotected 
gun  bores  takes  place  quite  rapidly  through  atmospheric 
oxidation  and  a  large  number  of  barrels  are  ruined  through 
this  cause  alone,  but  precautions  ordinarily  adopted  for  articles 
of  iron  or  steel  will  prevent  this  familiar  form  of  rusting. 

The  surface  of  the  bore  may  also  be  attacked  to  some 
extent  during  the  actual  time  of  firing  by  high-temperature 
gases,  but  in  the  ordinary  service  of  firearms  corrosion  from  this 
source  is  negligible. 

It  is  well  known,  however,  that  if  a  barrel  is  left  uncleaned 
for  any  length  of  time  after  having  fired  cartridges  loaded 
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with  smokeless  powder,  a  roughened  and  pitted  condition 
is  sure  to  result.  Damage  from  this  source  was  not  encount- 
ered in  the  use  of  black  powders,  and  even  in  the  case  of  smoke- 
less powders  the  corrosive  effect  varies  markedly  with  the 
make  and  type  of  cartridge  or  primer. 

It  is  well  known  that  when  smokeless  cartridges  are  fired 
there  remains  upon  the  surface  of  the  bore  a  firmly  adherent 
residue  which  subsequently  reacts  chemically  with  the  iron 
of  the  barrel.  There  is  little  reliable  information  available 
concerning  the  chemical  nature  of  this  deposit  which  is  respon- 
sible for  the  destruction  of  so  many  gun  barrels. 

It  commonly  has  been  assumed  that  the  decomposition  of 
smokeless  powders  was  accompanied  by  the  formation  of 
nitrous  or  nitric  oxides  with  subsequent  conversion  to  acid; 
but,  as  noted  above,  this  is  not  to  be  expected  and  chemical 
analysis  of  this  residual  material  failed  to  indicate  a  trace  of 
either  nitrous  or  nitric  acid.  Potassium  chloride  was  the  only 
salt  encountered  in  appreciable  quantities  during  a  search 
for  the  harmful  constituents  of  this  deposit.  This  no  doubt 
results  from  the  reduction  of  potassium  chlorate,  a  constituent 
of  practically  all  primers.  This  salt  and  other  primer  consti- 
tuents as  well  are,  no  doubt,  first  volatilized  during  the  explo- 
sion and  then  condensed  upon  the  colder  surface  of  the  bore 
even  though  the  gas-flow  is  extremely  rapid. 

It  was  at  first  thought  that  water  vapour  or  water  of 
combination  might  be  a  product  of  combustion  and  remain 
deposited  with  the  other  residue  materials.  While  testing 
this  assumption,  some  interesting  results  were  obtained.  Im- 
mediately after  firing,  test  barrels  were  heated  for  one  hour 
at  300°.  C.  and  then,  without  cleaning,  sealed  at  both  ends. 
No  corrosion  was  noted  after  remaining  in  this  condition  for 
ten  days.  The  conclusion  drawn  from  these  tests  that  the 
elimination  of  pre-existing  water  prevented  corrosion  was 
later  dispelled  by  the  discovery  that  sealing  alone,  without 
a  previous  heating,  would  in  nearly  all  cases  entirely  prevent 
•corrosion.  On  the  other  hand,  it  was  found  that  if  moisture 
should  be  condensed  on  these  residues  by  breathing  though 
the  cold  barrel,  corrosion  was  very  rapid  and  serious,  so  it 
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appears  that  without  moisture  from  an  external  source  very- 
little  corrosion  will  take  place. 

It  may  be  assumed  from  this  that  the  powder  and  primer 
residues  are  deposited  in  the  anhydrous  form  and  in  this  con- 
dition even  the  chlorides  are  without  effect.  The  addition  of 
moisture  no  doubt  produces  a  more  or  less  concentrated  acid 
or  salt  solution  of  a  very  corrosive  nature. 

Metal  Fouling  and  'Leaded'  Bores. — In  addition  to  primer 
and  powder  residues,  this  accumulation  of  material  on  the 
surface  of  a  gun-bore  includes  a  variable  amount  of  projectile 
material.  As  the  projectile  passes  through  the  barrel,  friction 
under  high  pressure  causes  a  thin,  and  more  or  less  continuous, 
film  of  the  bullet  surface  material  to  be  rubbed  onto  the  surface 
of  the  bore.  In  the  case  of  shotguns  this  material  is  lead, 
or  lead  hardened  with  a  small  percentage  of  tin,  arsenic,  or 
antimony.  In  rifle  or  pistol  cartridges  the  bullet  may  be  of 
soft  or  hardened  lead,  or  with  a  core  of  lead  and  a  supporting 
sheath  of  copper  or  copper  alloy.  This  metallic  deposit  cannot, 
in  itself,  be  corrosive,  but  that  it  may  be  a  contributing  factor 
in  gun-barrel  corrosion  has  apparently  been  overlooked.  In 
the  electrochemical  series,  all  of  the  present  bullet  and  jacket 
materials  are  negative  to  the  iron  or  steel  of  the  gun  barrel. 
This  metallic  fouling  is  more  or  less  efficiently  connected 
electrolytically,  by  means  of  the  chemical  residues  and  mois- 
ture, with  the  barrel  material  and  in  the  circuit  so  formed  the 
iron  is  rapidly  eaten  away.  This  effect  is  particularly  noticeable 
in  a  bore  which  has  been  'leaded',  that  is,  with  bullet  metal 
accumulated  in  small  areas  from  which  it  cannot  easily  be 
removed  by  ordinary  mechanical  cleaning  methods.  Invaria- 
bly, when  this  is  later  removed,  the  barrel  metal  beneath  the 
'leaded'  area  is  found  to  be  seriously  corroded,  and  this  'pitted' 
condition  is  the  most  common  and  serious  form  of  corrosion. 

Similar  corrosion  phenomena  are  well  known  industrially 
and  are  usually  counteracted  by  introducing  a  protective 
counter-electro-motive  force.  In  the  case  of  gun-barrels,  I 
have  caused  this  solution  tendency  to  be  reversed  by  using 
for  bullet  jackets  a  material  which  is  strongly  electro-positive 
to  iron,  and  when  particles  of  this  'less-noble'  alloy  are  present 
on  the  surface  of  the  bore  the  iron  of  the  barrel  is  not  attacked 
chemically  by  powder  and  primer  residues. 
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Sweating  Out^  —  The  complete  removal  of  residues  from  gun 
bores  which  have  been  fired  with  modern  smokeless  cartridges 
is  a  rather  difficult  procedure  unless  advantage  is  taken  of 
certain  chemical  principles.  A  barrel  may  be  cleaned  and 
polished  mechanically  until  it  appears  very  bright  and  to  be 
entirely  free  from  surface  accumulations,  but  in  a  majority  of 
cases  if  this  carefully  cleaned  barrel  is  oiled  and  put  away, 
an  examination  after  a  period  of  several  days  or  more  reveals 
a  bore  that  has  become  badly  rusted.  This  rusted  condition 
may  be  more  or  less  uniform  over  the  entire  bore  surface  or 
it  may  appear  in  local  areas  only. 

This  'sweating  out'  phenomenon  may  continue  for  weeks 
or  even  months  after  an  arm  has  been  cleaned  and  oiled,  and 
the  explanations  that  have  been  offered  to  account  for  it  are 
many  and  varied.  Perhaps  the  most  fallacious  of  all  is  the 
theory  advanced  that,  at  the  extremely  high  pressures  which 
obtain  during  the  explosion,  certain  acid  gases  or  compounds 
are  forced  into  the  'pores'  of  the  steel  and  that  these  are  slowly 
liberated  with  extremely  corrosive  effect  for  some  time  after 
firing.  This  theory  can  be  dismissed  at  once  because,  physio- 
logically speaking,  metals  do  not  possess  'pores'  or  other  similar 
means  for  the  absorption  and  subsequent  elimination  of  foreign 
materials.  Gun-barrel  steels,  in  common  with  all  other  pro- 
perly manufactured  metals  or  alloys,  may  be  regarded  in  this 
connection  as  perfectly  solid,  and  a  machined  or  polished 
surface  presents  no  'pores'  or  fissures  through  which  corrosive 
substances  might  be  forced  under  pressure.  It  might  be  added 
that  the  presence  of  a  single  'pore'  or  fissure  in  a  high-pressure 
gun-barrel  would  be  a  serious  menace  to  the  life  of  the  shooter. 

The  proper  explanation  of  this  phenomenon  lies  in  the 
assumption  that  certain  products  of  decomposition  are  so  firm- 
ly deposited  upon  the  bore  surface  that  ordinary  mechanical 
rubbing  alone  will  not  remove  them. 

This  is  emphasized  by  the  fact  that  sharp  corners  at  the 
bottoms  of  grooves  are  very  liable  to  corrosion.  Rough  spots 
or  machine  or  tool  marks  are  the  first  to  show  corrosion,  and 
when  rough  spots  are  once  formed  repeated  'sweating  out'  in 


^  Since  these  notes  were  written  an  excellent  paper,  "The  Cause  and 
Prevention  of  After-Corrosion"  has  been  pubHshed  by  Wilber  J.  Huff  of 
the  U.S.  Bureau  of  Mines.     (Jour.  Ind.  Eng.  Chem.  Sept.  1920). 
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these  areas  is  particularly  difficult  to  prevent.  This  local 
'pitting'  is  due  to  the  presence  of  'fouling'  which  cannot  be 
removed  from  these  slight  depressions  by  mechanical  cleaning 
alone.  It  was  found  that  this  residue  is  not  corrosive  when 
first  deposited,  but  immediately  became  so  upon  addition  of 
moisture,  so  it  may  be  assumed  that  the  familiar  'sweating 
out'  effect  is  due  to  the  incomplete  removal  of  this  fouling  with 
subsequent  penetration  of  the  protective  oil-coating  by  oxygen 
and  moisture.  Gun  barrels  from  which  the  lead  or  metal  fouling 
has  not  been  completely  removed  will  corrode  under  this  de- 
posit in  spite  of  most  careful  cleaning  and  oiling,  due  to  the  fact 
that  the  bullet  metal  invariably  covers  a  thin  film  of  residue. 

In  order  to  prevent  the  corrosion  of  gun  barrels  of  ordinary 
steel  it  is  necessary  to  clean  mechanically  and  chemically 
within  a  short  time  after  firing.  All  metal  fouling  must  be 
removed  by  proper  solvents  and  the  powder  and  primer  re- 
sidues should  be  completely  removed  by  washing  with  water 
or  a  water  solution  of  sodium  carbonate.  Many  of  the  com-^ 
mercial  'nitro-sol vents'  or  chemical  cleaning  solutions  are 
worthless  because  they  will  not  dissolve  chlorides  and  other 
harmful  salts  present  in  the  residue,  and  so  have  practically 
no  effect  in  preventing  the  serious  form  of  corrosion  known 
as  'sweating  out'  which  occurs  after  a  barrel  has  been  laid 
away.  Most  of  these  are  compounded  with  the  mistaken  idea, 
that  the  necessary  constituents  are  oil  and  an  alkali  to  neutral- 
ize acids  supposedly  present  in  gun-bore  residues. 

In  addition  to  the  destructive  influence  of  either  chemical 
corrosion  or  mechanical  erosion  alone,  deterioration  enhanced 
by  the  influence  of  one  upon  the  other  must  not  be  overlooked. 
Thus,  mechanical  wear  is  undoubtedly  greater  in  a  bore  which 
has  become  roughened  through  oxidation  or  the  corrosive 
effect  of  residues.  Also,  under  the  prevailing  firing  conditions 
of  extremely  high  pressure  and  high  temperature,  the  bore 
surface  material  may  combine  chemically  with  certain  of  the 
products  of  combustion  and  in  this  manner  become  more  sus- 
ceptible to  eroding  influences.  Conversely,  explosive  strains, 
or  bore  surface  distortion  caused  by  projectile  friction,  may 
produce  unequally  stressed  areas,  or  areas  of  increased  amor- 
phous metal  content,  which  may  contribute  to  selective  che- 
mical corrosion. 
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Ordinary  Gun-Steels. 

Weapons  of  the  type  in  which  a  projectile  is  discharged  by 
means  of  an  explosive  were  first  used  about  1320,  A.D.  These 
earlier  guns  consisted  of  a  crude  firing-device  fitted  to  a  simple 
iron  or  brass  tube.  The  non-ferrous  materials  have  not  found 
extended  use  in  the  construction  of  gun  barrels,  and  pure  iron 
or  low-carbon  steel,  on  account  of  the  ease  with  which  it  can 
be  forged  and  drilled,  has  been  the  principal  material  employed 
for  this  purpose  until  within  very  recent  years  when  the 
development  of  higher  velocities,  with  attending  higher 
pressures,  has  necessitated  the  use  of  special  steels  having 
greater  tensile  strength  and  resistance  to  shock. 

Prior  to  the  development  of  smokeless-powder  cartridges, 
little  difficulty  was  encountered  in  the  corroding  of  gun  bores 
by  chemical  residues;  but  rusting  influences  had  always  to  be 
guarded  against.  Smokeless  powder  was  discovered  about 
1864,  and  has  been  constantly  developed  and  improved  since 
that  time  with  a  view  to  increasingly  high  projectile-velocities. 
When  bullet  velocities  exceeded  about  1,500  feet  per  second, 
the  old  type  lead  bullet  gave  way  to  a  jacketed  form  in  which 
the  lead  is  contained  in  a  sheath  of  harder  and  tougher  alloy  — 
usually  of  copper  85 '^^  and  nickel  15^^.  This  was  necessary 
because  the  high  temperature  of  the  powder-gas  at  velocities 
above  this  limit  tended  to  fuse  the  bases  of  the  lead  bullets. 
At  higher  velocities,  also,  the  softer  material  could  not  hold 
its  position  in  the  spiral  grooves  and  without  a  proper  spinning 
motion  accurate  flight  is  impossible. 

The  wearing  effect  of  this  jacket  material  at  extremely 
high  velocities,  and  the  heating  and  cutting  and  chemical 
effects  of  modern  high-pressure  powders  have  introduced  such 
conditions  that,  to  maintain  the  necessary  accuracy  at  these 
high  velocities  and  at  long  range,  improved  gun  barrel  mater- 
ial is  practically  a  prerequisite. 

The  explosives  chemist  has  kept  pace  with  pressure  and 
velocity  requirements;  the  mechanical  engineer  has  brought 
forth  new  operating  and  manufacturing  mechanisms;  and  the 
production  and  commercial  engineers  have  produced  guns  and 
ammunition  at  a  marvellous  rate;  but  the  science  of  metals  has 


206       NON-CORRODIBLE  GUN  BARRELS— FAHRENWALD 

heretofore  offered  no  radical  improvements  in  the  material 
of  gun  barrels. 

The  Ideal  Gun  Barrel. 

The  ideal  gun  barrel  material  should  be  of  great  tensile 
strength  to  permit  extremely  high  velocities,  and  of  great 
hardness  to  resist  wear.  It  should  be  uniform,  to  inhibit 
irregularities  in  expansion  or  contraction,  and  be  entirely 
immune  to  rusting  influences  and  the  corrosive  effects  of 
powder  gases  and  residues.  It  should  at  the  same  time  be 
inexpensive  and  permit  ready  manufacture. 

No  material  combining  ideal  physical  and  chemical  pro- 
perties, however,  will  pass  manufacturing  and  commercial 
criteria,  so  we  must  be  content  with  a  material  which  will 
most  nearly  satisfy  the  desired  combination  of  conditions: 

1.  It  must  be  of  sufficient  strength  and  hardness  to  resist 
explosive  stresses,  projectile  wear,  and  gas  cutting. 

2.  It  should  not  rust  under  atmospheric  conditions,  and 
must  not  be  corroded  by  powder  gases  and  residues,  or  combine 
chemically  with  any  of  the  products  of  combustion. 

3.  It  must  permit  of  ready  and  economical  manufacture 
by  ordinary  turning,  drilling,  and  rifling  operations. 

4.  Its  cost  of  production  must  not  be  excessive. 

It  is  a  relatively  simple  matter  to  select  materials  which 
will  meet  one  or  two  of  these  requirements,  but  to  fulfill  all  in 
one  simple  substance  has  heretofore  not  been  accomplished. 

Field  of  Alloy  Possibilities. 

The  large  number  of  variable  factors  which  contribute  to 
the  corrosion  and  erosion  of  gun  barrels  made  it  impossible 
to  adopt  during  these  experiments  any  arbitrary  set  of  labor- 
atory tests  which  would  be  the  equivalent  of  actual  service 
firing.  In  carrying  out  this  work,  therefore,  it  was  necessary 
to  make  test  barrels  from  the  various  alloys  and  actuallly  fire 
them  imder  conditions  more  severe  than  any  which  ordinarily 
might  be  encountered  in  practice. 

It  is  believed  that  this  investigation  has  included  all  feasible 
combinations  of  metals  in  which  valuable  fundamental  char- 
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acteristics  of  each  might  be  imparted  to  an  alloy  suited  to 
the  manufacture  of  improved  gun  barrels  and  mechanisms. 

All  of  the  pure  or  commercial  grades  of  metals  were  first 
tried  out  in  this  search  for  non-corrodible  gun  barrel  material, 
but  not  one  could  qualify  to  the  desired  extent  under  the 
above   criteria. 

Gold  and  platinum,  or  others  of  the  precious  metals,  will 
satisfy  conditions  (2)  and  (3)  but  not  (1)  and  (4). 

The  pure  metals,  tungsten,  molybdenum,  or  tantalum  will 
fulfill  (1)  and  (2),  but  these  metals  are  machined  only  with 
great  difficulty  and  are  very  costly. 

Carbon,  silicon,  chromium,  titanium  or  zirconium  have 
the  required  chemical  resistivity,  but  can  be  considered  only  as 
an  alloying  element  with  some  other  more  ductile  metal. 

Ordinary  carbon  steels  best  meet  conditions  (3)  and  (4), 
and  to  a  limited  extent  (1),  but  fail  entirely  when  judged 
under  chemical   requirements. 

Nickel  or  cobalt,  to  some  extent,  fulfill  (2),  (3)  and  (4), 
but  these  pure  metals  are  not  adapted  of  the  manufacture  of 
all  types  of  arms. 

It  became  necessary  then  to  so  combine  the  desirable 
properties  of  one  metal  with  the  valuable  features  of  one  or 
more  others  that  their  objectionable  features  would  become 
of  minor  importance. 

A  complete  list  of  known  chemical  elements  from  which 
alloying  elements  may  be  chosen  comprises  over  eighty,  and 
should  one  undertake  to  combine  these  in  a  haphazard  manner 
the  separate  experiments  would  number  many  thousands.  If 
the  elements  are  arranged  in  accordance  with  their  periodic 
properties,  however,  the  field  of  suitable  non-corrodible  alloys 
is  at  once  clearly  defined.  Figure  1  is  a  modification  of  the 
original  Mendelejeff  Periodic  Table  in  which  form  the  alloying 
inter-relationships  among  the  different  elements  may  be  more 
easily  studied.  With  the  elements  placed  in  this  manner 
it  can  be  shown  that  characteristic  chemical  or  physical  proper- 
ties are  confined  to  definitely  limited  areas  of  the  periodic  table. 
It  is  obvious  that,  alone,  no  element  in  groups  numbered  1, 
2,  and  3,  has  properties  valuable  for  the  purpose  in  mind. 
The  metals  of  groups,  4,  5,  6,  and  7  are  very  resistant  to  che- 
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mical  action  but  are  extremely  hard,  brittle,  or  otherwise 
unsuited  physically  for  gun-barrel  manufacturing  purposes. 
The  metals  of  these  groups,  however,  are  characterized  by 
valuable  properties  which  they  confer  when  alloyed  with  the 
more  ductile  metals. 

^  In  groups  8  and  1^  the  eight  precious  metals  cannot  be 
considered,  so  there  remains  only  iron,  cobalt,  nickel,  and 
copper. 

From  the  entire  list  of  chemical  elements  then,  only  about 
fifteen  may  be  considered  either  as  a  major  alloy  constituent 
or  as  a  minor  addition.  Certain  of  the  other  elements  may 
be  present  in  small  percentages,  as,  for  instance,  sulphur, 
phosphorous,  aluminium,  or  zinc,  but  this  list  of  fifteen  includes 
practically  every  element  that  might  be  expected  to  form  a 
valuable  constituent  of  a  non-corrodible  alloy  desirable  for 
gun-barrel  manufacturing  purposes.  In  the  order  of  chemical 
groups  in  which  they  appear  on  this  periodic  table,  these  are 
(carbon,  silicon,  titanium,  zirconium),  (vanadium,  niobium, 
tantalum),  —  (chromium,  molybdenum,  tungsten),  — •  (manga- 
nese,  (iron,  cobalt,  nickel),  —  (copper).    Figure  2  shows  this 


Iron  ..  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15 
Cobalt  .  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 
Nickel  .  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45 

same  list  plotted  in  graphic  form  which  indicates  the  number 
of  binary  combinations  by  intersections. 

Further  detailed  consideration  of  this  reduced  list  of 
possibilities  revealed  that  only  iron,  cobalt,  nickel,  or  copper, 
alone,  or  combined,  could  be  regarded  as  the  major  constituent 
of  a  non-corrodible  gun-barrel  alloy,  and  that  some  of  these 
would  have  to  be  modified  by  adding  sufficient  of  one  or  more 
of  the  other  elements  of  this  list  to  provide  the  physical  and 
chemical  properties  which  were  lacking  in  the  major  metal 
itself. 


^  The  sub-numbers  correspond    to  number  of   original  groups  in  which 
these  elements  appear  on  periodic  table  of  Mendelejeff. 
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Each  of  the  combinations  shown  in  Figure  2,  was  consider- 
ed within  ranges  limited  either  by  the  physical  or  chemical 
properties  of  the  alloy  or  by  economic  or  manufacturing  cri- 
teria. Each  binary  alloy  which  warranted  further  investigation 
was  modified  by  the  addition  of  one  or  more  other  elements  with 
a  view  to  obtaining  better  machining  characteristics,  greater 
resistance  to  corrosion,  increased  strength,  or  to  facilitate 
commercial  production  and  manipulation  of  the  alloy.  A 
brief  description  of  the  various  alloy  series  and  their  modifi- 
cations is  given  below  with  reference  only  to  their  suitability 
for  the  construction  of  non-corrodible  and  erosion-resisting 
firearms. 

Alloys  of  Iron. 

Commercially  pure  iron  or  low  carbon  steels  has  been  the 
material  of  gun  barrels  and  mechanisms  since  the  invention 
of  firearms  and,  with  minor  alloying  additions  and  in  some 
cases  special  heat-treatment,  it  is  the  standard  material  in 
use  to-day.  The  properties  of  iron  and  steels  and  their  be- 
haviour under  practical  service  conditions  in  the  firearms 
field  are  too  well  known  to  warrant  extended  discussion  here. 
For  most  arms  the  physical  properties  which  may  be  developed 
in  steels  meet  every  requirement,  but  in  all  cases  the  lack  of 
chemical  resistivity  is  an  objectionable  feature. 

(1).  Iro7i-Copper. — The  addition  of  small  amounts  of 
copper  to  iron  tends  slightly  to  increase  its  resistance  to  atmos- 
pheric oxidation  and  to  the  effects  of  powder  gases  and  residues. 
Copper  dissolves  in  iron  to  only  a  limited  extent  and  if  high  per- 
centages are  added  the  alloy  becomes  mechanically  unsuited. 
The  addition  of  nickel,  however,  serves  as  a  mutual  solvent 
and  greatly  increases  the  amount  of  copper  which  may  be  in- 
troduced into  iron  alloys.  Copper  may  be  added  to  the  extent 
of  about  25%  of  the  nickel  content  without  appreciable  segre- 
gation. The  addition  of  copper  to  iron  alloys,  however,  may 
be  regarded  as  adding  very  little  of  value  to  either  chemical  or 
physical  properties. 

(2)  Iron-Nickel — Iron  and  nickel  dissolve  in  practically 
all  proportions  to  form  a  homogeneous  alloy.  All  combina- 
tions in  this  series  may  be  readily  forged,  rolled,  or  machined, 
and  certain  of  these  possess  properties  which  are  very  valuable 
for   gun-barrel   purposes.     In   order   materially   to   decrease 
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rusting  tendencies  under  atmospheric  conditions,  it  is  necessary 
to  have  more  than  10%  of  nickel  present.  The  so-called 
nickel-steel  (about  3%  nickel)  used  for  certain  high-pressure 
gun-barrels  is  not  appreciably  less  corrodible  than  ordinary 
steels,  but  it  possesses  greater  tensile  strength  and  resistance 
to  explosive  stresses.  As  the  nickel  content  is  increased,  the  resis- 
tance to  atmospheric  oxidation  becomes  greater  until  with  30% 
or  more  of  nickel  it  is  practically  immune  to  atmospheric  corro- 
sion. Nickel-iron  alloys  with  less  than  10%  of  nickel  are  quite 
readily  corroded  by  gases  and  residues  of  most  of  the  common 
rifle  powders,  and  though  the  tendency  to  corrode  becomes 
less  as  the  nickel  content  increases,  alloys  with  less  than  about 
30%  of  nickel  can  hardly  be  considered  non-corrodible.  These 
binary  alloys  are  quite  tough,  however,  and  are  bored  and  rifled 
with  some  difificulty,  but  the  tensile  strength  and  machinability 
may  be  greatly  increased  by  adding  one  or  more  of  the  other 
elements  on  this  list.  The  addition  of  copper,  cobalt,  or  man- 
ganese does  not  materially  increase  the  chemical  resistivity 
but  small  amounts  produce  desirable  mechanical  propsrties. 
The  addition  of  chromium,  molybdenum,  tungsten,  columbium, 
or  tantalum  adds  desirable  physical  and  chemical  qualities. 
To  maintain  a  given  degree  of  chemical  resistivity,  chromium 
will  replace  about  twice  its  percentage  in  nickel,  and  the  others 
may  be  substituted  for  nickel  with  the  same  effect  in  about 
the  ratio  of  their  respective  atomic  weights.  The  presence  of 
small  amounts  of  manganese,  silicon,  titanium,  or  zirconium, 
or  even  alimiinium,  causes  the  alloy  to  be  more  readily  machined 
and,  in  many  cases,  may  be  desirable. 

(3)  Iron-Cobalt. — The  iron-cobalt  alloys  are  very  similar 
in  their  properties  to  the  iron-nickel,  and  possess  desirable 
physical  and  chemical  properties  either  as  a  binary,  or  in 
combination  with  either  alloying  constituents.  The  present 
cost  of  cobalt,  however,  is  a  serious  objection  to  its  use  in  more 
han  small  percentages. 

(5)  Iron-Manganese. — The  iron-manganese  alloys  and 
steels  possess  some  very  remarkable  physical  characteristics, 
most  of  which  are  quite  well  known,  but  the  addition  of  man- 
ganese cannot  be  regarded  as  imparting  marked  chemical 
resistivity  to  gun-barrel  steel,  and  although  improved  physical 
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properties  are  developed  in  iron  alloys  by  the  addition  of  man- 
ganese, they  cannot  be  regarded  as  non-corrodible. 

(6)  Iron-Chromium. — The  metal  chromium  was  found  to 
impart  to  iron  great  resistance  to  the  chemical  action  of  powder 
gases  and  residues  and  to  atmospheric  oxidation.  Iron  with 
over  15%  of  chromium  is  very  resistant  to  atmospheric  in- 
fluences, and  gun  barrels  made  from  high-chromium  alloys 
were  found  to  be  practically  unaffected  by  any  of  the  powder 
gases  or  residues.  The  addition  of  other  tungsten  or  tantalum 
group  metals  is  permissible,  and  the  physical  properties  may 
be  improved  thereby,  but  additional  chemical  resistivity  is 
not  required.  Nickel  can  be  added  within  wide  limits,  and 
cobalt  in  relatively  smaller  amounts.  Carbon  may  be  present 
up  to  about  1  %,  but  for  most  machining  operations,  below  about 
0.5%  is  desirable.  The  addition  of  manganese  and  silicon  is 
beneficial  and  in  some  cases  up  to  about  6%  is  permissible. 
Aluminium,  vanadium,  titanium,  and  zirconium  also  modify 
the  crystalline  structure  of  the  alloy  and  may  be  added  in  small 
percentages,  if  desired,  to  facilitate  manufacture. 

(7)  Iron- Molybdenum. — Molybdenum  steels  possess  phy- 
sical properties  that  are  very  desirable  in  gun  barrels,  but  to 
produce  the  required  chemical  resistivity,  it  is  necessary  to  use 
more  than  in  the  case  of  chromium.  Unless  in  the  hardened 
condition,  about  25%  of  molybdenum  is  required  to  produce 
an  alloy  that  is  practically  immune  to  ordinary  rusting  in- 
fluences. The  chief  objection  to  substituting  molybdenum 
for  chromium  is  its  relatively  greater  cost. 

(8)  Iron-Tungsten. — It  was  found  in  the  case  of  iron- 
tungsten  alloys  that  at  least  from  25  to  30%  of  tungsten  should 
be  present  to  resist  entirely  atmospheric  oxidation  or  the 
action  of  powder  residues,  and  though  the  tungsten  steels 
possessed  very  valuable  mechanical  properties,  the  disadvant- 
ages were  more  numerous  than  the  desirable  features  when 
compared  with  similar  alloys  of  chromium,  having  regard 
especially  to  economic  considerations. 

(9)  Iron- Vanadium,  (10)  Iron-Columbium,  (11)  Iron- 
Tantalum. — The  addition  of  either  vanadium,  tantalum,  or 
columbium  to  iron  greatly  increases  its  chemical  resistivity  and 
also  its  hardness  and  tensile  strength,  but  in  order  to  produce 
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complete  non-corrodibility,  at  least  20%  of  vanadium  or  nio- 
bium and  about  30%  of  tantalum  must  be  added;  and  the 
present  high  cost  of  these  metals  precludes  their  use  in  these 
proportions. 

(12)  Iron-Carbon. — Unless  carbon  is  present  in  the 
quenched  or  hardened  condition  it  adds  very  little  to  the 
chemical  resistivity  of  iron,  but  if  so  treated,  steel  is  too  hard 
to  be  machined.  It  was  found,  however,  that  by  proper 
manipulation,  barrels  of  ordinary  steel  might  be  hardened 
after  all  machining  operations  had  been  first  carried  out,  and 
this  method  produces  a  barrel  in  which  the  bore  is  very  resistant 
to  erosion  and  much  more  resistant  to  chemical  corrosion  than 
are  the  soft  steels  ordinarily  used.  It  requires  special  methods  and 
considerable  care  to  harden  a  gun  barrel  after  it  has  been  bored 
and  rifled  without  causing  serious  distortion,  but  it  is  not 
impossible. 

(13)  Iron-Silicon. — The  addition  of  silicon  to  iron  produ- 
ces an  alloy  that  becomes  increasingly  resistant  to  chemical  ac- 
tion,but  is  less  valuable  in  its  mechanical  properties.  Alloys  con- 
taining more  than  about  5%  of  silicon  with  iron  alone  were  too 
hard  and  brittle  to  be  considered  for  gun-barrel  purposes,  but 
the  use  of  silicon  may  be  desirable  in  bringing  about  certain 
physical  modifications  in  other  iron-alloys. 

(14)  Iron-Titanium,  (15)  Iron-Zirconium. — Both  zircon- 
ium and  titanium  were  found  to  decrease  the  corrodibility  of 
steels  and  within  certain  limits  to  impart  desirable  physical 
qualities,  especially  when  used  as  modifying  elements  in  con- 
nection with  other  iron  alloys  as,  for  instance,  iron-nickel ,  and 
especially  iron-chromium,  but  as  the  chief  alloying  constituents, 
they  can  hardly  be  considered. 

Alloys  of  Cobalt. 

{16-30). — Gun  barrels  made  from  commercial  grades  of 
cobalt  were  found  to  be  as  resistant  to  chemical  influences  as 
those  of  nickel,  but  this  material  is  quite  soft  and  of  low  tensile 
strength,  so  that  for  gun  barrels  to  resist  high  explosive  pres- 
sures, it  must  be  hardened  and  strengthened  by  the  addition  of 
one  or  more  other  metals.  Nickel,  iron,  manganese,  or  one 
of  the  chromium  group  metals  may  be  added  for  this  purpose. 
It  is  also  hardened  to  some  extent  by  the  addition  of  carbon. 
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silicon,  titanium  or  zirconium,  but  alloys  of  other  metals  possess 
the  required  chemical  and  physical  properties  and  are  far  less 
costly,  so  the  use  of  cobalt  as  a  major  constituent  in  non-corro- 
dible  gun  barrel  material  is  unwarranted  at  the  present  time. 

Alloys  of  Nickel. 

Pure  Nickel. — Gun  barrels  made  from  a  commercial  grade 
of  pur-e  nickel  were  found  to  be  unaffected  by  the  powder  gases 
or  residues  of  the  ordinary  low  pressure  type  of  cartridge.  Its 
softness  and  low  tensile  strength  did  not  permit  the  use  of 
high  pressure  charges,  so  it  was  necessary  to  increase  its  tensile 
strength  by  the  addition  of  alloying  elements  without  at  the 
same  tims  lowering  chemical  resistivity. 

(31)  Nickel-Copper. — Alloys  of  nickel  and  copper  contain- 
ing more  than  about  30%  of  nickel  are  almost  completely 
immune  to  atmospheric  conditions  and  are  very  resistant  to 
the  action  of  powder  gases  and  residues.  In  cases  where  the 
nickel  exceeded  about  50%,  test  barrels  made  from  these  alloys 
showed  no  traces  of  pitting  or  corrosion  from  the  action  of 
powder  residues  during  a  period  of  six  months,  when  tested 
with  ordinary  low  power  cartridges.  These  binary  alloys, 
however,  are  quite  soft  and  of  sufficient  tensile  strength  for 
high-pressure  gun-barrel  purposes,  so  it  was  found  necessary 
to  add  one  or  more  strengthening  elements.  Chromium- 
group  metals  impart  very  valuable  properties  to  nickel-copper 
alloys,  but  it  is  found  that  the  addition  of  the  cheaper  metals, 
such  as  iron  or  manganese,  was  sufficient  to  impart  the  required 
mechanical  properties.  Aluminium  also  has  a  great  hardening 
and  toughening  effect  on  alloys  of  nickel-copper. 

(35)  Nickel- Manganese. — Manganese  alone,  when  added 
to  nickel,  imparts  hardness  and  tensile  strength  without 
greatly  decreasing  chemical  resistivity,  but  a  material  more 
adapted  to  the  purpose  is  produced  when  manganese  is  employed 
in  conjunction  with  other  alloying  elements. 

(36)  Nickel-Chromium. — The  nickel-chromium  alloys  in 
all  proportions  are  completely  immune  to  the  action  of  powder 
gases  and  residues.  Considerable  percentages  of  iron,  mangan- 
ese, silicon,  aluminium,  or  other  chromium-group  metals  may 
be  added  in  certain  cases  with  beneficial  effects.  Tantalum- 
group  metals,  or  titanium  and  zirconium  may  be  added  to 
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bring  about  desirable  modifications  in  physical  properties  or 
to  increase  machinability  and  to  increase  further  the  chemical 
resistivity.  The  carbon  content  should  be  kept  below  about 
1%  and  the  silicon  below  about  69c-  Up  to  80%  of  iron  may 
be  substituted  in  this  alloy  if  high  in  chromium  and  smaller 
amounts  if  nickel  predominates,  without  reducing  chemical 
resistivity  below  desired  limits. 

Additional  resistance  to  corrosion  and  erosion  is  imparted 
to  nickel  by  the  addition  of  molybdenum  or  tungsten  or  metals 
listed  under  Groups  4  and  5.  Aluminium  also  has  a  marked 
grain-refining  and  hardening  effect  and  may  be  present  in  some 
cases  up  to  10%. 

Alloys  of  Copper 

(46-60). — The  only  alloys  with  copper  in  preponderance 
which  might  be  considered  for  special  gun  barrel  purposes 
are  the  so-called  bronzes  and  of  these  the  alloys  with  alum- 
inium up  to  about  7%  are  most  resistant  to  corrosion  and  of 
greatest  mechanical  strength.  Further  desirable  physical  and 
chemical  properties  are  imparted  by  the  addition  of  nickel, 
iron,  or  manganese,  but  on  the  whole,  alloys  in  which  copper 
predominates  are  not  suitable  other  than  for  low-power  arms 
firing  cartridges  loaded  with  the  less  corrosive  types  of  powder. 

NON-CORRODTBLE  GUN  BARRELS. 

A  considerable  number  of  alloys  which  are  sufficiently 
resistant  to  corrosion  for  the  purpose  in  view  was  found  during 
these  researches,  but  only  a  few  of  these  combine  chemical 
resistivity  with  the  required  physical  and  mechanical  pro- 
perties, or  commercial  qualifications. 

The  series  of  alloys  which  most  nearly  fulfill  the  imposed 
criteria  contains  the  following  major  constituents: 

A.  Iron-Nickel. 

B.  Iron-Chromium. 

C.  Nickel-Chromium. 

D.  Copper-Nickel. 

Iron-Nickel — Iron.-Nickel  alloys  with  more  than  35% 
of  nickel  are  quite  satisfactory  as  regards  chemical  resistance, 
but  are  so  'tough'  and  ductile  that  boring  and  rifling  operations 
are  quite  difficult.  The  elastic  limit  of  any  binary  alloy  of 
this  series  does  not  greatly  exceed  45,000  pounds  per  square 
inch,  which  is  insufficient  for  many  types  of  cartridges. . 
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Manganese  or  chromium-group  metals  may  be  added  to 
increase  tensile  strength  and  small  amounts  of  silicon,  carbon, 
aluminum,  titanium,  or  similar  metals  to  produce  a  finer 
grain  and  provide  more  desirable  machining  properties. 

The  following  alloys  make  satisfactory  non-corrodible 
barrels. 

Iron 63  51  3139  63  11  64  13  12.16 

Nickel 36  16  68.30  24  0  30  26  86. 

Manganese .23  .16  4  31  .98 

Silicon .30  .41 

Carbon 15  .13  .41  .17 

Vanadium .78 

Titanium .08  .21 

Tungsten 11 .53 

Iron-Chromium. — Iron-chromium  alloys  with  from  15% 
to  30%  of  chromium  are  completely  immune  to  all  explosive- 
residues  and  over  18%  of  chromium  will  entirely  prevent 
atmospheric  oxidation. 

Iron-chromium  binary  alloys,  however,  are  not  readily 
bored  or  rifled  and  ai'e  not  sufficiently  high  in  tensile  properties. 
The  addition  of  from  0.15%  to  1.0%  of  carbon  produces  a 
finer  structure  and  more  desirable  machining  characteristics. 

One  set  of  barrels  which  could  not  be  rusted  or  corroded 
under  any  combination  of  representative  tests  contained  iron 
74.05%;  chromium  24.96%;  carbon  0.83%;  silicon  0.16%; 
Another  contained  iron  73.74%;  chromium  23.40%;  carbon 
0.42%;  silicon  2.44%. 

The  following  are  typical  analyses  of  gun  barrels  which 
were  found  to  be  entirely  non-corrodible,  and  having  the  re- 
quired physical  properties^: 

Iron 69.16  84.60  81.30  76  24  79.16  76.11  74.05  77.12 

Chromium...  28.1       14.60     15.11     20.10     18.63     22.47    22.90     19.22 

Silicon 1.83         .13       1.80                      .36                    2.80 

Carbon 76         .18         .48         .34         .53  0.14 

Manganese...  0.10         .15       1  11       2.63 

Titanium.  ...  .06                                              1.72 

Vanadium....  1-36 

Aluminum...  1-36 

Strong  nitric  acid  may  be  used  to  remove  metal-fouling 
without  harm  to  these  barrels.    These  alloys  with  high-chrom- 

^U.  S.  Patents  Nos.  1,346,188,    1346,189,1,346,190,    1,346,191.    Other 
patents  pending. 
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ium  content  will  withstand  temperatures  up  to  2300^  F.  with- 
out scaling  and  possess  much  greater  hot-hardness  than  ord- 
inary steels,  so  that  high-temperature  erosion  should  not  be 
serious.  Certain  of  these  alloys  tend  to  a  rather  coarse  struct- 
ure, but  suitable  heat  treatment  produces  a  fine  'silky'  fracture. 

Nickel-Chromium. — Nickel-chromium  alloys  in  all  percent- 
ages are  non-corrodible  under  the  above  described  conditions 
These  binary  alloys  are  difficult  to  machine,  however,  and  are 
quite  costly  to  produce.  The  addition  of  iron,  or  manganese, 
or  both,  increases  the  tensile  strength,  and  small  percentages 
of  silicon,  aluminium,  titanium,  or  similar  metals  impart  the 
desired  machining  characteristics. 

Iron-free  chromium  alloys  are  more  costly  than  those  pre- 
pared by  adding  ferro-chrome,  and  as  the  presence  of  iron  is 
permissible  in  amounts  varying  with  the  nickel-chromium 
ratio,  there  is  no  particular  advantage  in  using  iron-free  alloys. 

Iron  may  be  substituted  for  nickel  in  the  above  series  in 
proportions  varying  up  to  about  70  iron  to  30  nickel,  and  85 
iron  to  15  chromium.  As  in  these  two  binary  series,  additional 
elements  are  desirable  to  increase  hardness,  tensile  strength, 
and  elastic  limit  and  to  make  the  alloy  more  readily  machin- 
able.   Cobalt  may  be  substituted  for  part  of  the  nickel. 

Copper-Nickel — Binary  alloys  of  copper  and  nickel  are 
not  so  well  adapted  for  gun-barrel  purposes  as  those  containing 
considerable  percentages  of  one  or  more  other  elements. 

These  alloys,  with  more  than  about  50%  of  nickel,  are 
sufficiently  non-corrodible  for  most  cartridges  but  are  difficult 
to  machine  unless  one  or  more  other  elements  are  added  to 
decrease  ductility.  It  was  found  that  the  tensile  strength 
and  elastic  limit  might  also  be  practically  doubled  by  adding 
up  to  15%  of  one  or  more  of  the  following:  iron,  manganese, 
chromium,  vanadium,  aluminium,  titanium,  and  also  others 
more  costly. 

These  alloys  are  produced  by  modern  electric- furnace 
methods,  and  non-corrodible  gun  barrels  may  be  manufactured 
on  the  same  types  of  boring,  reaming,  rifling,  and  other  machines 
employed  for  the  manufacture  of  arms  of  ordinary  steel. 

Summary. 
This  paper  considers  briefly  the  materials  of  firearms 
construction  and  reviews  in  some  detail  the  subject  of  gun- 
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barrel  corrosion.  Objections  to  present-day  gun-steels  are 
pointed  out  and  ideal  materials  for  the  purpose  are  described, 
and  it  is  believed  that  all  feasible  means  for  securing  the  desired 
improvements  have  been  considered. 

As  a  result  of  the  researches  herein  described,  alloys  are 
available  for  the  manufacture  of  gun  barrels  and  mechanism 
which  will  not  rust  under  most  unfavourable  atmospheric 
conditions  and  are  entirely  immune  to  the  corrosive  effects  of 
all  powder  gases  and  residues.  In  the  forged  or  rolled  and 
heat-treated  condition  certain  of  these  show  a  tensile  strength 
up  to  210,000  lb.  per  sq.  in.  with  an  elastic  limit  of  140,000  lb. 
together  with  desirable  values  for  elongation  and  resistance 
to  shock.  Test  barrels  that  have  been  subjected  to  every  abuse  for 
the  past  several  years,  and  under  conditions  which  would 
completely  ruin  an  ordinary  steel  barrel,  have  maintained  a 
bore  and  outside  surface  entirely  unchanged.  In  one  test 
covering  a  period  of  seven  months,  fifty  rounds  per  week  were 
fired  through  each  of  a  set  of  six  barrels  and  each  day  moisture 
was  condensed  on  the  bore  surface  (already  covered  with  pow- 
der residues)  by  breathing  through  the  cold  tube.  These  bar- 
rels were  not  cleaned  out  at  any  time  during  the  seven  months 
and  after  this  period  had  elapsed  a  thorough  cleaning  with 
brass  brush  and  water  revealed  a  bore  surface  in  exactly  the 
same  condition  as  before  the  test.  Certain  of  these  barrels 
were  fired  with  the  familiar  .22  calibre  smokeless  with  grease- 
less  bullet.  This  cartridge  will  cause  serious  pitting  in  a  barrel 
of  ordinary  steel  within  a  very  few  hours  and  is  not  widely 
used  for  that  reason,  although  otherwise  very  desirable. 
Through  the  other  barrels  were  fired,  respectively,  the  25-20 
smokeless  with  mercuric  primer,  .45  Colt  automatic,  .22  high- 
power  Savage  and  the  .30  Government.  In  no  case  was  it 
possible  to  detect  the  slightest  corrosion  or  erosion,  and  no 
rusting  or  discolouring  resulted  when,  as  a  final  test,  these 
barrels  were  buried  for  sixty  days  in  moist  earth. 

Technical  details  of  metallography  and  theoretical  discus- 
sion are  purposely  omitted  from  this  paper  for  the  reason  that 
the  gun  users  greatly  outnumber  metallurgists,  and  that  those 
who  are  interested  in  the  practical  application  of  these  results 
far  outnumber  those  who  are  interested  in  the  science  of  alloys 
or  the  details  of  alloy  research. 


ORE-PASSES  AT  CREIGHTON  NICKEL  MINE. 
By  G.  a.  Morrison. 

(Presented  at  a  meeting  of  the  Sudbury  Branch,  January  26,  1921. 

This  paper  describes  the  main  ore-passes  at  the  Creighton 
mine,  in  the  Sudbury  district,  Ont.  These  passes  convey  the 
broken  ore  from  the  various  tramming-levels  to  the  crusher 
levels  from  which  all  the  ore  is  hoisted.  No.  3  shaft,  through 
which  all  the  ore  is  hoisted,  is  set  well  back  in  the  footwall 
granite  and  dips  at  an  angle  of  55  degrees,  leaving  a  distance 
of  250  feet  between  the  shaft  and  the  orebody.  It  is  in  this 
intervening  section  that  the  ore-passes  are  driven,  connecting 
all  the  haulage  levels  of  the  mine. 

The  object  of  the  ore-passes,  in  addition  to  conveying  the 
ore  to  certain  levels,  is  to  serve  as  storage  space  for  each  level* 
to  offset  possible  fluctuations  in  supply,  and  to  avoid  delays 
in  tramming. 

In  the  designing  of  such  passes  the  following  requirements 
must  be  satisfied: — 

1st.  The  tonnage  to  be  drawn  through  the  ore-pass  must 
be  sufficient  to  justify  the  cost  of  making  the  pass. 

2nd.  The  rock  through  which  the  pass  is  driven  must  be 
strong  enough  to  stand  without  being  timbered,  as 
the  falling  ore  would  soon  knock  away  any  supports. 

3rd.  The  angle  must  be  sufficiently  steep  to  enable  the 
column  of  ore  to  move  freely. 

4th.  The  cross-section  must  be  large  enough  to  prevent 
the  arching  or  'hanging  up'  of  the  largest  pieces 
drawn  through. 

5th.  Adequate  provision  must  be  made  on  the  various 
levels  for  dumping. 

6th.  The  gates  at  the  various  levels  must  be  strong 
enough  and  well  protected  to  withstand  the  impact 
of  the  falling  ore  if  the  ore-pass  is  drawn  empty. 

7th.  Provision  must  be  made  for  the  safety  of  workmen 
around  the  ore-pass  at  the  various  levels. 

8th.  The  arrangement  must  lend  itself  to  cheap  main- 
tenance. 

(219) 
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The  crusher  levels  on  the  No.  3  shaft  are  the  14th  and 
the  20th.  Ore  from  all  parts  of  the  mine  above  the  14th  level 
is  passed  down  to  that  level  and  ore  from  points  below  the 
14th  level  is  passed  down  to  the  20th  level,  making  two  inde- 
pendent passes  which  can  be  connected  later  when  required 
and  all  ore  passed  down  to  the  20th. 

The  distance  of  the  crusher  from  the  shaft  is  fixed  by  the 
size  of  the  ore  pocket  required  below  it  to  give  the  proper 
storage  for  crushed  ore. 

The  ore-pass  here  is  the  same  vertical  plane  as  the  shaft, 
and  to  one  side  of  the  crosscuts  from  the  shaft  of  the  orebody 
on  each  level.  It  is  8'  x  8'  in  section  and  the  method  of  excava- 
tion is  as  follows: 

A  crosscut  is  put  in  from  the  drive  on  the  orebody  for 
about  20  feet  into  the  footwall,  and  from  the  face  the  raise  is 
started  at  an  angle  of  65°  from  the  horizontal.  This  raise  is 
continued  until  it  breaks  through  into  the  crosscut  from  the 
level  above  at  a  few  feet  back  from  the  face.  The  step  thus 
formed  with  the  section  above  is  cut  down  to  an  angle  of  35° 
thus  making  a  series  of  65°  raises  connected  at  each  level  by 
an  offset  raise  of  35°  in  the  same  plane.  The  floor  of  the 
crosscut  from  the  drive  is  then  cut  down  at  an  angle  of  40° 
to  make  a  branch  pass  through  which  the  ore  is  fed  from  the 
level  of  the  ore-pass.  Discarded  crusher  plates  set  at  angles 
of  35°  break  the  fall  of  the  ore  as  it  is  dumped  from  the  cars 
and  deflect  it  against  the  sides  of  the  pass. 

The  storage  in  each  section  of  the  ore-pass  is  controlled 
at  each  level  by  chute  gates  operated  by  means  of  compressed 
air.  Two  factors  serve  to  protect  these  chutes  and  gates, 
namely  the  flattening  out  of  the  angle  of  the  pass  just*  above 
the  gates,  and  the  care  that  is  taken  when  the  raise  is  started 
to  leave  the  brow  low  so  that  it  may  save  the  timbers  of  the 
chute  from  the  impact  of  falling  rock. 

At  each  leyel  the  room  is  floored  over  with  heavy  6  by  8 
timbers  carried  by  12  by  12  stringers  in  such  a  way  that  the 
muck  drawn  through  the  gates  from  the  level  above  can  pass 
through  to  the  continued  pass  below.  At  the  crusher  level, 
or  the  bottom  of  the  pass,  a  heavy  baffle  gate  is  used.  This 
is  a  counter  weighted  crusher  plate  which  is  suspended  from 
a  heavy  shaft  and  which  completely  blocks  the  opening  of  the 
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pass.  This  gate  is  also  raised  by  means  of  compressed  air. 
The  extension  of  the  pass  below  this  point  to  the  crusher 
is  a  slide  lined  with  steel  plates  and  sloping  at  an  angle  slightly 
more  than  35°. 

No  grizzlies  are  used  at  the  dumping  points  into  the 
pass  that  feeds  the  crusher  on  the  14th  level,  but  as  the  largest 
pieces  of  ore  that  can  be  drawn  through  the  stope-chutes  some- 
times give  trouble  at  the  crusher,  the  pass  to  the  20th  level 
has  been  equipped  with  grizzlies.  These  are  constructed  of 
12  by  16  timbers  17^/^  feet  long,  shod  with  twelve  inch  channels, 
which  are  protected  by  13^:<"  by  5"  wearing  plates.  Three 
grizzly  rails  are  placed  at  an  angle  of  22°  and  spaced  28"  at 
the  upper  end  and  30"  at  the  lower.  A  row  of  discarded  crusher 
plates,  placed  at  a  slope  of  30°,  takes  the  shock  of  the  dumping 
load.  The  oversize  is  delivered  to  a  blasting  station  at  the 
lower  end  where  the  large  pieces  are  blockholed. 

Care  has  been  exercised  to  keep  the  water  at  each  level 
from  draining  into  the  pass  as  it  has  been  found  that  this  mud 
tends  to  leave  considerable  muck  in  the  bottom  of  each  skip 
load  when  dumping,  freezes  upon  reaching  the  surface  in  the 
winter,  and  reduces  the  sorting  efiftciency  in  the  rockhouse 
on  account  of  the  coating  of  slime  on  the  ore  and  rock  alike. 

These  passes  serve  their  purpose  admirably  and  during 
four  years  operation  have  given  no  serious  trouble.  The 
tonnage  drawn  through  is  very  great,  and,  after  the  first  cost 
of  driving,  the  only  expense  is  occasioned  by  repairs  to  the 
finger  and  baffle-gates,  due  to  wear,  and  a  small  amount  of 
powder  used  to  bring  down  the  ore  at  the  crusher  levels  as 
required.  The  only  timber  used  is  in  the  control  gates  and 
the  platforms  at  the  levels  and  no  trouble  has  been  met  with 
in  the  occasional  renewing  of  these.  Though  passes  as  fiat  as 
55°  have  been  used  successfully  in  other  localities,  we  have 
found  that  the  steeper  angle  of  65  gives  a  quicker  discharge, 
never  'hangs  up'  and  has  never  given  any  trouble  from 
knocking  out  the  control  gates.  This  is  no  doubt  owing  to 
the  flattening  of  the  angle  just  above  the  timbered  chute, 
the  protection  of  the  brow,  the  building  up  of  fines  on  the 
chute  plates  and  the  fact  that  the  chute  is  never  drawn  empty, 
a  protecting  layer  of  ore  being  left  in  the  bottom  to  absorb  the 
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impact  of  the  falling  ore  when  dumped  from  the  level  above. 
This  fine  material  banked  on  the  chute  plate  also  starts  the 
column  moving  and  prevents  a  great  rush  when  the  gate  is 
opened.  No  'hang  up'  has  occurred  in  these  passes  which 
could  not  be  effectually  reached  from  the  level,  thereby  elim- 
inating the  dangerous  practice  of  blasters  getting  into  the  chute. 
The  gates  at  the  various  levels  are  opened  by  bosses  when 
more  ore  is  required  by  the  crusher  below  or  when  some  level 
above  requires  more  room  for  dumping.  No  accidents  have 
occurred  from  flying  particles.  The  dumping  of  the  ore  can 
take  place  from  any  or  all  levels  at  the  same  time  without 
the  least  interference  with  each  other,  and  sufficient  storage  is 
available  for  any  level  under  the  most  strenuous  conditions 
of  production. 


THE  CREIGHTON  MINE  ORE-CHUTE 
By  W.  J.  ROLFE 

Presented  at  a  Meeting  of  the  Sudburj-  Branch,  Jan.  1921. 

The  ore-chute  used  at  Creighton  mine,  in  the  Sudbury 
district,  Ont.,  has  been  developed  to  meet  the  need  of  handUng 
ore  as  drawn  from  the  stopes  into  4-ton  cars  with  a  minimum 
of  blasting  or  barring. 

The  largest  piece  of  ore  which  the  crushers  will  handle 
measures  about  2 1^  ft.  by  3  ft.  by  4  ft.,  or  the  size,  approxima- 
tely, of  the  coarsest  ore  that  passes  through  the  chutes.  Some 
of  the  large  material  in  stopes  escapes  block-holing  and  reaches 
the  chutes  where  it  must  be  broken  in  order  to  pass  through. 

The  objects  to  be  attained,  then,  are:  speed  and  economy 
in  handling  ore  ranging  in  size  from  fines  to  the  largest  piece 
which  the  crusher  will  handle;  facilities  for  using  a  bar  or 
blasting  pole;  strength  to  withstand  blasting  as  well  as  the 
passing  of  ore;  safety  for  the  car-loaders,  and  simplicity,  and 
low  cost  of  construction. 

The  box-hole  is  the  raise  from  the  cross-cut  into  the  stope 
through  which  ore  is  drawn  to  the  chute.  In  the  dimensions 
of  the  box-hole  are  two  items  of  especial  importance.  These 
are  the  brow  for  point  which  controls  the  flow  of  ore)  and  the 
cutting  out  or  belling  of  the  upper  part  of  the  raise.  If  the 
brow  is  too  high  the  pressure  of  ore  prevents  free  movement 
of  the  chute-log;  spillage  will  occur  and  double  logs,  or  even 
two  sets  of  rails  and  logs  are  necessary.  If  too  low,  excessive 
barring  and  blasting  is  the  result.  This  brow  is  left  5  feet  10 
inches  from  the  centre-line  of  the  cross-cut  and  12  feet  above 
the  base  of  the  rail.  It  is  obtained  by  pointing  the  first  round 
of  raise-holes  at  a  fiat  angle,  and  turning  the  second  round  up- 
ward at  65  degrees,  afterward  trimming  accurately  and  making 
room  in  the  back  of  the  cross-cut  for  raising  the  chute  log. 

After  completion  of  the  chute  the  box-hole  is  belled  from 
the  throat  upward  to  the  stope  floor  so  that  any  jamming  of 
ore  will  be  as  near  the  mouth  of  the  chute  as  possible.  Blast- 
ing is  done  in  the  throat  or  above,  and  the  natural  rock  brow 
and  the  fines  covering  the  rear  end  of  the  plate  offer  resistance 
to  breakage. 
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The  chute  contains  1060  board  feet  of  British  Columbia 
fir  timber;  twelve  feet  of  60  lb.  rails;  fifty  spikes  ^/i  in.  by  21 
in.  and  12  spikes  5/8  in.  by  6  in. ;  one  tie-rod  7/8  in.  by  7  ft.  9  in. 
long;  two  U.  bolts  1  in.  by  20  in.  with  cast  washer  plates; 
two  strap-irons  for  fines  stopper;  one  steel  plate  4  ft.  by  8  ft. 
by  }/2  in.  and  one  log  10  inches  in  diameter  by  10  feet  long. 
Six  labour  shifts  are  usually  required  for  construction  which 
includes  cutting  of  the  hitches. 

Two  12  in.  by  12  in.  posts  are  hitched  into  the  back,  5 
feet  3  inches  apart,  and  stand  on  the  floor  of  the  cross-cut.  Two 
6  in.  by  12  in.  auxiliary  posts  carry  the  front  girt;  any  scrap 
log  will  form  the  back  floor  sill.  Two  back-braces  of  10  in. 
by  10  in.  hold  the  heads  of  the  posts  and  complete  the  frame 
for  the  sides.  A  scrap  plank  is  used  as  spacer  at  the  foot  of 
the  posts  and  a  tie-rod  is  passed  through  the  posts  beneath  the 
front  girt.  Floor  and  sides  are  of  6  in.  by  8  in.  timber  held 
by  spikes.  The  chute  rails  are  bent  30  inches  from  the  lower 
end  at  an  angle  of  40  degrees.  Each  rail  is  maintained  in 
position  by  a  U.  bolt  placed  at  an  angle  normal  to  the  thrust 
exerted  by  the  rail,  with  a  double  washer  behind  the  bolt,  and 
a  plate  placed  behind  the  lower  end  of  the  rail.  The  floor  is 
inclined  30  degrees  and  is  protected  by  a  steel  plate  4  ft.  by 
8  ft.  by  3^  in. 

When  completed  the  posts  stand  2  feet  10  inches  from 
the  track:  the  lip  is  4  feet  10  inches  above  the  base  of  rail, 
and  the  opening  at  the  throat  is  33^  feet  by  4  feet  3  inches. 

It  is  necessary  to  repair  many  of  the  chutes ;  and  occasion- 
ly  some  of  the  timbers  are  completely  destroyed  by  careless 
or  accidental  blasting.  All  chutes  are  finally  recovered,  the 
plates  being  used  again.  Spikes  are  drawn,  straightened  by 
the  salvage  department  and  again  issued.  The  posts,  if  it 
has  been  necessary  to  cut  them  out,  become  shorter  members 
in  new  chutes,  or  are  used  for  blocking. 
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STORING  PRACTICE  AT  BRITANNIA  MINES,  B.  C/'^ 
By  C.  O.  Swanson,  (Student  Member). 

The  Britannia  mine  is  situated  on  the  east  side  of  Howe 
Sound,  about  four  miles  from  tide-water.  The  main  tunnel 
is  at  an  elevation  of  twenty-one  hundred  feet  above  sea-level, 
and  the  part  of  the  mine  now  being  worked  is  a  thousand  feet 
above  this. 

The  ore  zone  occurs  in  a  roof  pendant  of  the  great  Coast 
Range  batholith.  The  veins  are  conformable  to  the  meta- 
morphosed sediments,  and  consist  principally  of  quartz  gangue 
with  chalcopyrite  as  the  ore  mineral,  either  disseminated  or 
in  tabular  masses.  Accessory  minerals  are  sphalerite,  siderite, 
and  galena.  The  average  run-of-mine  ore  contains  2%  of 
copper  and  also  a  small  amount  of  silver  and  gold,  which  may 
run  fifty  cents  or  a  dollar  to  the  ton. 

The  ore  is  drawn  from  the  stopes  and  given  a  preliminary 
crushing  at  the  mine.  Then  it  is  loaded  into  20-ton  cars 
and  drawn  by  electric  locomotives  to  the  head  of  the  incline, 
which  is  on  the  hillside  directly  above  the  mill.  The  ore  is 
lowered  by  two  skips,  working  in  balance,  to  ore  bins  at  the 
concentrating  plant.  The  interesting  part  of  this  procedure 
is  that  the  power  generated  by  lowering  the  load  is  partly  used 
to  compress  air.  A  portion  of  the  ore  is  taken  directly 
also  from  the  mine  to  the  mill  by  aerial  tram.  At  the  mill, 
the  ore  is  concentrated  to  14%  copper  content,  and  then 
shipped  to  the  smelter  at  Tacoma.  In  this  paper,  the  stoping 
practice  only  will  be  considered. 

General  Stoping  Method. — The  shrinkage  system  is  used 
altogether  at  Britannia.  From  a  drift  in  the  vein,  stopes  are 
opened  up  by  means  of  raises  every  thirty  feet.  These  are 
funnel-shaped  and  connect  to  one  another  a  short  distance 
above  the  drift,  leaving  wedge-shaped  pillars  between  them. 
Chutes  are  placed  at  the  mouth  of  each.  The  stope  is  then 
carried  upward  by  ordinary  overhand,  flatback  stoping.  One 
of  the  raises,  or  a  separate  one,  is  carried  through  to  the  next 


(1)  Prize  Mining  Essay,  British  Columbia  Division  Students'  Competition, 
February,  1921. 
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level,  and  serves  as  a  man-way  to  enter  the  stope.  It  is  either 
protected  by  a  pillar  of  ore,  as  in  narrow  stopes,  or  is  placed  in 
the  foot- wall  in  the  larger  bodies  of  ore.  The  level  interval 
is  150  to  200  feet,  and  the  stopes  are  200  to  400  feet  long  and 
from  10  to  50  feet  wide. 

Breaking  Ground  in  Stopes. — The  general  plan  is  to  drill 
parallel  rows  of  uppers  across  the  stope,  from  wall  to  wall. 
In  starting  on  a  smooth  back,  the  holes  are  placed  so  as  to 
mark  out  a  wedge  across  the  vein.  After  blasting,  this  forms 
the  cut,  and  the  benches  are  then  carried  along  the  stope  both 
ways  by  succeeding  rounds.  It  is  usual  to  place  the  holes 
three  feet  apart  each  way,  and  they  are  six  and  a  half  feet  deep. 
They  are  generally  parallel,  though  the  second  or  last  row  may 
look  up'  more  in  order  to  give  a  better  free  face  to  break 
to  later  on.  This  method  is  simple,  and  the  only  point  to  watch 
is  the  common  one  of  having  all  holes  the  same  length  in  order 
to  break  cleanly  all  the  ground  drilled  and  avoid  weakening 
the  back. 

Blasting  is  done  by  a  special  crew  working  on  the  grave- 
yard shift  (11  P.M.  to  7  A.M.).  Loading  the  holes  is  an  easy 
matter;  seven  or  eight  sticks  of  35%  gelatine  are  used  in  each 
hole,  as  ammonia  dynamite  crumbles  too  easily  to  work  well 
in  uppers.  Until  recently  no  tamping  was  used.  Then  some 
sticky  mud  was  obtained,  but  as  this  did  not  contain  enough 
clay,  it  fell  to  pieces  on  drying.  However,  it  would  probably 
be  of  some  use  when  fresh,  in  which  state  it  was  fairly  plastic. 

Machines. — The  type  of  machine  used  in  the  stopes  is  the 
valveless,  hand-rotated  Waugh  stoper,  driven  by  compressed 
air.  Roughly,  it  consists  of  a  cylindrical  shell,  the  lower  end 
of  which  accommodates  the  leg  of  the  machine,  which  is  prac- 
tically a  piston  rod,  so  that  by  air  pressure  the  whole  machine 
may  be  raised  the  length  of  the  leg.  Towards  the  upper  end, 
the  shell  acts  as  a  cylinder  for  the  piston,  which  hits  against  the 
hammer  or  anvil,  and  this  in  turn  strikes  the  drill  steel.  The 
drill  fits  into  a  chuck  or  bushing  held  in  the  end  of  the  enclosing 
shell,  and  is  turned  with  the  machine,  which  is  rotated  by  a 
handle  at  the  side. 

The  operation  of  this  stoper  is  easy.  Feed  is  automatic 
through  the  leg,  and  the  steel  is  kept  at  constant  pressure 
against  the  bottom  of  the  hole.    There  is  only  one  valve  to 
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operate.  On  being  gradually  opened,  this  first  allows  air  to 
pass  into  the  cylinder  in  which  the  leg  fits,  and  the  machine 
is  raised  until  the  drill  meets  the  face.  On  opening  the  valve 
wider,  air  is  admitted  to  the  piston,  and  drilling  commences. 
The  machine  is  revoked  back  and  forth  sufficiently  to  give  a 
round  hole,  which  will  require  over  half  a  revolution  for  free 
running  if  the  steel  is  crooked.  The  drill  lengths  used  are 
starters,  seconds,  four-foot,  five-foot,  six-foot  and  seven-foot, 
each  of  which  has  a  different  guage.  In  the  hardest  rock,  such 
as  the  'blue  quartz'  at  Britannia,  12  to  15  steel  are  needed  for 
a  hole;  but  ordinarily  nine  will  do  for  a  six-foot  hole,  and  2 
starters,  2  seconds,  2  fours,  a  five,  a  six,  and  a  seven  are  used. 
By  having  the  greater  number  a  short  steel  the  miner's  back 
is  saved  and  a  larger  and  more  comfortable  hole  is  secured  in 
which  to  run  the  long  drills;  also,  the  loss  is  relatively  less  in 
the  case  of  losing  a  hole  through  a  broken  bit,  which  is  common 
where  two  steel  of  the  same  gauge  are  used.  For  these  reasons 
also,  it  is  best  to  have  the  staging  so  arranged  that  when  the 
leg  is  fully  extended  the  drill  touches  the  face,  whereby  the 
maximum  possible  length  of  hole  is  obtained  from  the  short 
drills. 

It  may  seem  that  rather  a  large  number  of  steel  are  used, 
but  with  a  stoper  it  does  not  pay  to  keep  drilling  with  a  partly 
dulled  drill.  In  the  first  place,  the  speed  of  drilling  is  greatly 
diminished  as  soon  as  the  gauge  is  worn  away,  and  in  a  few 
more  inches  the  steel  becomes  stuck  fast.  In  one  end  of  the 
footwall  stope,  the  writer  found  that  the  drill  began  to  pinch 
after  going  eight  inches,  which  took  eight  minutes.  It  was 
possible  to  force  the  steel  another  four  inches  without  great 
difficulty,  but  this  also  took  eight  minutes.  This  means 
that  for  a  six-foot  hole,  by  using  nine  steel,  the  time  for  drilling 
would  be  72  minutes,  while  if  six  steel  were  used,  96  minutes 
would  be  required.  These  figures  are  for  good  running  con- 
ditions. Much  time,  however,  is  generally  lost  through 
broken  steel,  drills  fast  in  the  hole,  etc.  By  changing  steel 
more  often  a  larger  hole  is  obtained,  and  these  delays  are  cut 
down  a  great  deal.  Of  course,  three  extra  drills  must  be 
sharpened  per  hole;  but  they  will  be  in  better  shape  than 
when  forced  to  the  limit,  and  the  time  required  per  steel  for 
blacksmithing  is  less. 
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The  construction  of  the  stoper  makes  it  both  reliable  and 
durable.  As  may  be  seen  from  the  short  description  given,  it 
is  mechanically  simple.  All  the  attention  it  needs  is  a  little 
oil,  and  a  good  miner  can  make  most  of  the  common  repairs 
himself.  The  usual  trouble  is  either  a  leaky  leg,  clogged 
intake  or  broken  drill  shank.  The  leg  can  be  removed  in  a  few 
minutes,  and  a  new  packing,  consisting  of  a  wide  rubber  sleeve, 
placed  on  it.  A  small  screen  on  the  intake  excludes  all  dirt 
liable  to  stop  the  piston,  and  it  can  be  readily  examined  and 
cleaned.  The  chuck  holding  the  drill  is  also  easy  to  take  out, 
and  then  the  hammer  may  be  removed  and  the  piston  exposed 
in  the  event  of  freezing. 

Handling  of  Ore. — Little  or  no  handling  of  ore  is  required 
in  the  stopes.  The  shrinkage  system,  properly  used,  would 
regulate  fairly  well  the  distance  of  the  muck  from  the  back, 
as  chutes  are  placed  every  thirty  feet;  but  there  is  a  great 
tendency  at  Britannia  to  draw  the  good  chutes  too  much,  so 
that  depressions  are  formed  in  the  surface  of  the  broken  ore 
above  them.  In  one  end  of  the  footwall  stope  one  chute  was 
drawn  so  much  that  it  was  always  necessary  to  set  staging 
above  it,  sometimes  as  high  as  ten  feet;  while  nearby  the  ore 
was  only  four  or  five  feet  from  the  face,  and  spaces  had  to  be 
mucked  out  in  which  to  set  up  the  machine. 

Large  boulders  are  drilled  with  a  plugger  or  jack-hammer. 
They  are  usually  loaded  and  blasted  by  the  miners  on  going 
off  night  shift. 

Support. — No  timber  support  is  used  in  the  stopes.  Man- 
ways  have  stulls  to  hold  back  the  slides  of  the  raise,  and  to  serve 
as  a  foundation  for  the  ladders  and  skip-ways.  The  ground 
stands  well  in  the  silicified  ore,  but  the  walls,  being  chlorite 
schist,  are  very  soft  and  slippery,  especially  when  wet.  In 
the  upper  levels,  the  ground  is  more  broken,  and  in  some 
stopes  caves  have  occurred  which  made  it  necessary  to  stop 
mining. 

Criticism  of  the  Stoping  Method. — The  writer  is  of  opinion 
that,  in  certain  stopes  in  the  upper  part  of  the  mine,  waste 
filling  methods  would  have  been  preferable  to  shrinkage.  As 
a  definite  case,  the  McRae  stope  may  be  cited.  Here  the  ore 
consists  of  lenses  of  chalcopyrite,  varying  from  three  to  fifteen 
inches  in  width,  in  a  vein  of  silicified  rock  carrying  some  copper 
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values.  The  walls  are  barren  chlorite  schist,  which  is  very  soft 
and  breaks  off  in  large  slabs  that  may  be  as  much  as  fifteen 
feet  long  and  four  feet  thick.  An  effort  is  made  to  keep  the 
stope  within  the  silicified  zone,  but  the  walls  are  irregular  and 
often  a  fine  lens  of  chalcopyrite  follows  one  side,  making  it 
very  hard  to  keep  the  walls  intact.  The  result  is  that  a  great 
deal  of  caving  takes  place  from  the  sides.  In  one  place  in 
the  McRae  stope,  above  a  chute  that  would  often  be  drawn  so 
much  that  the  muck  would  be  ten  feet  from  the  back,  the  vein  was 
six  feet  wide  and  the  stope  sixteen.  This  shows  the  amount  of  caving 
that  is  likely  to  occur  in  drawing  the  stope.  Where  the  stope 
is  kept  within  the  vein,  there  is  little  caving  from  the  side, 
but  almost  invariable  there  will  be  valuable  ore  in  the  walls. 
Where  all  the  ore  is  extracted,  I  think  it  would  be  safe  to  say 
that,  before  the  stope  is  drawn  empty,  there  will  be  a  dilution 
with  waste  of  from  5%  (actual  vein  matter)  to  2%  (run-of-mine 
ore). 

With  a  waste-filling  method,  the  stope  could  be  opened 
up  in  almost  the  same  way  as  with  shrinkage.  One  difference 
would  be  that  timbered  chutes  would  have  to  be  carried  through 
the  broken  material.  With  the  same  interval  between  chutes 
as  at  present,  this  would  provide  an  ore-pass  every  thirty  feet. 
In  breaking  the  ground,  the  vein  matter  would  be  broken 
first,  as  with  shrinkage,  but  down  on  to  planks  or  metal  sheets. 
The  muck  would  then  be  sorted,  the  ore  being  sent  down  the 
chutes,  and  the  waste  that  fell  from  the  walls  left  as  support. 
Then,  in  addition,  enough  waste  would  be  broken  to  keep  the 
stope  well  filled.  This  would  require  actual  handling  and  sort- 
ing of  about  half  the  material,  the  other  half  being  merely 
levelled  out  for  filling.  In  the  estimate  of  comparative  costs 
given  below,  I  have  taken  $0.20  a  ton  to  cover  this  labour  cost. 

Shrinkage  Waste  Filling. 

Mining 100  tons  at  $2  .00     . .     $200    100  tons  at  $2  .00  .  .$200 

Breaking  waste 100    "    "    0.50  50 

Transportation 250     "     "  0.30     ..         75     100     "     "    0.30  30 

Milling 250     "     "  0.50              125     100     "     "    0.50  50 

Sorting 300     "     "    0.20  60 

Timbering 300     ""    0 .08  24 

Interest 100    "     "  0.16               16 

Total $     416  $    414 
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The  basis  of  calculation  is  100  tons  of  vein  ore.  The 
cost  of  breaking  this  is  taken  at  $2.00  a  ton  in  each  case,  and 
in  the  waste-filling  method  $50.00  is  allowed  for  blasting  the 
waste  for  support.  With  shrinkage,  the  ore  is  diluted  to  250 
tons  as  estimated  above.  Allowing  50%  expansion  on  break- 
ing, 200  tons  of  waste  must  be  used  as  filling,  and  this  makes 
300  tons  to  be  handled  in  the  stope.  Interest  has  been  figured 
on  a  basis  of  two-thirds  of  the  ore  being  left  in  the  stope  as 
filling  for  two  years;  that  is,  until  the  adjacent  part  of  the  mine 
is  worked  out.  The  investment  is  $2.00  a  ton  for  two-thirds 
of  100  tons,  and,  at  6  per  cent,  this  amounts  to  $16.00.  In 
addition,  the  profit  on  this  ore  has  been  lost  for  two  years, 
but  as  I  do  not  know  the  profit  per  ton,  this  item  is  omitted. 

These  figures  are  not  authoritative,  but  they  show  that> 
in  point  of  direct  cost,  there  is  not  much  difference  between  the 
two  methods.  However,  there  are  several  factors  distinctly 
in  favour  of  waste  filling.  In  the  first  place,  conditions  in  the 
stopes  would  be  better.  The  filling  can  be  kept  more  uniform, 
and  in  this  way  it  supports  the  walls  better,  as  large  slabs  of 
rock  fall  off  the  walls  only  when  they  are  undermined  too  much. 
Ventilation  would  be  freer,  due  to  the  ore  chutes,  some  of 
which  would  be  empty.  Secondly,  conditions  in  the  mine  as 
a  whole  would  be  safer,  as  a  result  of  the  better  support  given 
by  the  permanent  filling.  With  shrinkage,  the  ore  is  continual- 
ly on  the  move,  offering  no  real  resistance  to  pressure  and  allow- 
ing the  walls  to  keep  working.  Waste  filling  is  permanent, 
it  will  pack  with  pressure,  and  it  soon  becomes  almost  incom- 
pressible. The  writer  believes  that,  if  this  method  had  been 
used  in  the  upper  levels,  the  top  of  the  mine  would  still  be 
workable  by  underground  methods. 

Criticism  of  the  Type  of  Machine  Used. — It  seems  to  me 
that  the  use  of  water  Leyners  instead  of  stopers  would  be 
beneficial.  Briefly  we  have,  in  favour  of  the  latter,  ease  of 
operation,  cheapness  of  installation,  and  the  fact  that  no  time 
is  lost  in  set-ups.  The  former  possess,  in  spite  of  the  time 
lost  in  setting  them  up,  greater  drilling  capacity;  and  they  offer 
better  working  conditions,  a  feature  which  recommends  them 
to  the  best  class  of  miners.  Financially,  then  it  is  a  question 
of  whether  the  better  men  and  faster  drilling  will  offset  the 
greater  first  cost,  and  I  think  that  such  would  be  the  case.     In 
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addition,  the  use  of  flat  breast  holes,  instead  of  uppers,  keeps 
the  miner  from  under  the  ground  he  is  drilling,  and  adds  a 
degree  of  safety  to  mining  conditions. 

Criticism  of  Minor  Points  in  the  System. — (1)  No  'nip- 
pers' are  employed  in  the  stopes  to  carry  steel  to  the  miners. 
In  the  footwall  stope,  where  a  miner  would  use  forty  steel  in 
a  day  and  had  to  go  quite  a  way  for  it,  much  of  his  time  was 
spent  carrying  drills.  By  having  a  nipper  to  carry  steel  for 
several  miners,  this  work  could  be  done  at  less  cost,  because  of  the 
smaller  wage.  Also,  it  has  been  shown  that  fast  drilling 
cannot  be  done  with  partly  dull  steel.  If  the  miner  has  to 
carry  his  own  drills  there  is  a  tendency  for  him  to  try  to  get 
too  much  out  of  them;  whereas  if  he  had  a  nipper  to  carry  the 
steel,  he  would  only  work  with  the  best. 

(2)  The  practice  of  letting  each  miner  do  his  own  barring 
down  permits  of  much  variety  in  this  part  of  the  work.  Some 
men  grow  careless  and  depend  too  much  on  the  ability  of  the 
ground  to  stay  in  place,  while  others,  less  experienced,  appear 
ignorant  of  the  danger  of  working  under  loose  ground.  In 
either  case  bad  conditions  result,  especially  when  the  day  shift 
are  careless  in  their  barring  down,  as  those  working  on  night 
shift  will  hesitate  in  removing  the  set-up  to  blast  rock  that  is 
not  secure,  even  when  it  would  be  best  to  do  so.  It  seems 
that  it  would  be  better  to  have  experienced  and  careful  men, 
make  sure  that  the  ground  is  safe,  employing  them  as  bar-men 
as  it  is  impossible  for  the  shift  boss  and  foreman  to  inspect  all 
the  workings  in  detail. 

One  wrench  is  given  to  each  miner  when  he  starts  work. 
This  is  signed  for,  and  he  is  supposed  to  pay  for  it  if  it  is  lost. 
A  common  result  of  this  custom  is  for  two  or  more  miners  to 
be  using  one  wrench,  with  consequent  delay,  and  at  seventy- 
five  cents  an  hour  this  would  soon  buy  a  new  one. 

In  conclusion,  it  might  be  well  to  emphasize  the  fact  that 
the  above  criticism  of  the  stoping  method  only  applies  to  a 
few  stopes  on  the  upper  levels,  where  conditions  are  as  stated. 
In  the  larger  stopes,  the  problem  of  getting  enough  cheap 
waste  for  support  would  be  great,  and  the  cost  of  a  waste- 
filling  method  would  probably  be  excessive,  making  the  system 
impracticable  in  spite  of  its  advantages. 


REVERSING  BRAKE  FOR  CONVEYORS. 
By  F.  H.  Conover. 

"When  large  inclined  belt  conveyors  are  heavily  loaded 
and  the  driving  power  for  any  reason  is  suddenly  released,  the 
conveyor  will  tend  to  reverse  and  run  down  hill.  The  function 
of  the  brake  is  to  hold  the  conveyor  at  rest  before  the  reversed 
direction  of  motion  commences. 

The  original  equipment  contained  a  safety  pawl.  The 
split  hub  of  this  pawl  fitted  over  the  extended  hub  of  the  main 
driving  pinion  and  was  clamped  upon  it  by  means  of  four  bolts 
fitted  with  compression  springs.     When  running  in  the  norma 
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direction  the  pawi-tooth  was  disengaged  from  the  spur  gear  and 
held  by  a  stop.  "When  the  conveyor  was  reversed,  the  pawl- 
tcoth  mashed  with  the  spur  gear  and  stopped  the  conveyor.  For 
some  reason  this  safety  pawl  did  not  work  satisfactorily 
and  a  brake  as  shown  in  the  diagram  was  devised. 

The  main  part  of  this  brake  is  a  12-inch  diameter  by  9- 
inch  face  paper  friction  pulley  mounted  on  a  2-15  16  inch 
shaft.  The  pulley  is  keyed  to  the  shaft  and  held  in  position 
by  two  safety  collars.  When  running  the  friction  pulley  rubs 
against  the  head  pulley  of  the  conveyor  and  is  caused  to  rotate 
as  the  friction  pulley  is  held  in  position  by  the  shaft  against 
the  5/8  inch  x  4  inch  straps.  The  hardwood  blocks 
are  adjusted  by  means  of  changing  shims  at  A  and  B  so  that 
the  clearance  between  the  friction  pulley  and  the  hardwood 
blocks  is  very  small. 

When  the  conveyor  is  operating  in  its  normal  direction 
the  friction  pulley  revolves  with  slight  vibration,  the  shaft 
running  in  the  pocket  of  the  5/8  inch  x  4  inch  straps.  When  the 
conveyor  is  stopped  and  comes  to  rest  the  fr  iction  pulley 
drops  into  V,  formed  by  the  head  pulley  and  the  hardwood 
block,  and,  because  of  the  difference  in  bevel  between  the  hard- 
wood block  and  the  iron  straps,  the  shaft  is  lifted  clear  of  the 
straps.  Hence  any  movement  in  the  reversed  direction  binds 
the  friction  pulley  tighter  between  the  hardwood  blocks  and  the 
head  pulley  and  stc^s  the  conveyor. 

Cup  grease  is  applied  between  the  shaft  and  straps  occa- 
sionally. The  only  repairing  necessary  has  been  a  slight  ad- 
justment of  the  hardwood  blocks.  This  brake  has  been  in 
use  now  for  about  a  year  and  has  functioned  on  all  occasions. 


A    DEVICE    FOR    STORING  •  AND    DISTRIBUTING 
GREASE  USING  AIR  UNDER  PRESSURE 

By  F.  J.  Eager 

Sudbury  Branch  Meeting,  January,  1921. 

In  various  mining  and  smelting  operations  quite  large 
amounts  of  the  different  oils  and  greases  are  used,  and  the  sup- 
plies are  commonly  stored  at  central  points  from  where  they 
are  issued  daily  in  small  quantities.  For  the  purpose  of  storing 
and  issuing  oils,  several  excellent  tank  and  pump  systems  have 
been  developed.  By  these  means  the  different  oils  may  be  con- 
veniently stored  and  issued  in  a  clean  and  efficient  manner. 
The  greases,  however,  are  by  their  nature  more  difficult  to 
handle,  and  the  writer  knows  of  no  devices  by  means  of  which 
they  can  be  handled  in  similar  ways. 

This  difficulty  became  very  evident  some  time  ago  when 
the  underground  drill  was  changed  from  the  piston  to  the 
Leyner  type.  It  then  became  necessary  to  use  grease  as  well  as 
oil  for  lubricating  the  drills,  and  small  quantities  of  grease  had 
to  be  issued  daily  to  each  drill-runner. 

The  drillers  take  the  grease  into  the  working  place  in  what 
are  known  as  grease  guns.  The  'guns'  hold  sufficient  grease 
for  one  shift,  the  grease  being  forced  from  the  gun  into  the 
drills.  At  first  the  grease  was  allowed  to  remain  in  the  orig- 
inal container  either  a  tub  or  a  barrel,  and  filling  the  grease-guns 
was  a  slow  and  dirty  operation.  It  was  accompanied  by  quite 
an  appreciable  waste  and  the  grease  often  came  in  contact  with, 
and  picked  up,  dust  before  it  was  introduced  into  the  drills. 

To  overcome  these  difficulties,  we  have  devised  a  machine 
by  which,  with  the  aid  of  air-pressure,  all  the  lighter  grades  of 
cup  greases  can  be  handled  as  easily,  as  efficiently,  and  in  as 
clean  a  manner  as  is  the  case  with  the  oils.  The  details  of  this 
machine  are  shown  in  the  accompanying  drawing.  The  device 
has  three  essential  parts: 

The  first  is  the  grease  container,  which  is  a  bored  iron  cylin- 
der, inside  of  which  is  a  piston  without  a  rod.  The  pis- 
ton is  built  up  from  three  steel  plates  and  two  leather  packing- 
rings  and  travels  from  the  bottom  to  the  top  of  the  cylinder^ 
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The  second  part  of  the  machine  is  the  grease-distributing 
system,  through  which  the  grease  is  piped  from  the  top  of  the 
grease  container  to  the  different  discharge-openings.  These 
openings  may  consist  of  taps  or  any  desired  form  of  discharge- 
opening.  In  the  machine  in  question  the  grease  is  forced  to  a 
manifold  pipe  which  is  fitted  with  a  number  of  5  i-in.  coupHngs 
to  which  the  grease-guns  are  screwed  for  filling. 
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The  third  part  of  the  device  is  the  operating  arrangement. 
This  consists  of  a  pipe  which  conducts  compressed  air  in  the 
lower  part  of  the  container.  This  pipe  has  an  operating  valve 
and  also  a  pressure  released  valve.  The  latter  is  placed  be- 
tween the  operating  valve  and  the  grease  container. 

The  device  is  used  in  the  following  manner : — The  grease- 
container  cap  is  removed  by  unscrewing.  With  the  piston  at 
the  bottom  of  the  cylinder,  the  container  is  filled  with  grease. 
In  this  particular  machine,  the  container  has  an  inside  diameter 
of  12  in.  and  is  about  20  in.  in  height.  It  holds  about  601b.  of 
grease,  and  therefore  takes  quite  easily  the  contents  of  a  50-lb. 
tub.  This  charge  will  fill  from  125  to  150  grease-guns.  After 
filling  the  container,  the  grease-pipe  is  attached  and  the  mach- 
ine is  ready  for  use. 
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In  the  regular  routine  all  the  grease-guns  are  filled  at  one 
time.  In  this  case  ten  can  be  filled  at  one  operation.  For 
instance,  a  grease-gun  is  attached  to  each  filling-plug,  while 
the  filling-plug  valves  are  all  open.  The  operating  valve  is 
then  opened  and  the  'guns'  are  quickly  filled.  In  case  fewer  than 
the  total  number  of  plugs  are  to  be  used,  the  valves  on  the  other 
filling-plugs  are  closed.  Before  unscrewing  the  grease-guns, 
after  filling  the  pressure  on  the  grease  is  released  by  closing  the 
operating  valve  and  opening  the  pressure  release  valve. 

When  the  grease-container  becomes  empty,  the  grease- 
pipe  is  disconnected  at  the  union  at  the  top  of  the  container. 
The  rubber  hose  is  then  attached  to  the  above  opening  and 
the  valve  on  the  hose  line  opened.  This  returns  the  piston  to 
the  bottom  of  the  cylinder  and  eliminates  the  necessity  of  intro- 
ducing a  dirty  implement  of  any  kind  into  the  grease  container. 
The  container  may  now  be  filled,  after  which  it  is  ready  for 
further  use. 

This  arrangement  is  very  satisfactory  for  handling  and 
issuing  grease.  The  device  is  practically  fool-proof,  it  never 
gets  out  of  order,  and  there  is  nothing  to  wear  or  to  be  easily 
broken. 

For  the  purpose  for  which  this  machine  has  been  designed, 
the  quantity  of  grease  used,  at  one  time,  is  not  large.  How- 
ever, the  device  works  so  freely  that  I  do  not  see  why  very  much 
larger  quantities  of  grease  could  not  be  stored  and  drawn  off  in 
this  same  manner.  Taps  could  be  used  and  the  grease  drawn 
off  in  much  the  same  way  as  that  in  which  we  handle  oil  through 
tanks  and  pumps. 


ROAD  MATERIAL  RESEARCH  AT  THE  UNIVERSITY 

OF  ALBERTA,  AND  THE  ALBERTA  ROAD 

PROBLEM. 

By  K.  a.  Clark. 

Development  in  road  construction,  like  development  along 
almost  all  lines,  has  followed  the  path  of  least  resistance.  In 
most  parts  of  the  world  where  the  building  of  permanent  roads 
is  undertaken,  stone  in  its  various  natural  forms  is  available 
for  the  purpose ;  and  hence  all  the  well-known  types  of  improved 
roadways  are  based  on  the  use  of  that  material.  In  the  prairie 
regions,  however,  there  are  practically  no  surface  rock  form- 
ations nor  deposits  of  stony  material,  and  this  means,  for  a 
province  like  Alberta,  that  all  the  accumulated  knowledge  of 
road  building  is  of  very  little  assistance  to  the  highway  engin- 
eers who  are  called  upon,  thus  handicapped,  to  provide  im- 
proved roads  to  meet  the  growing  needs  of  the  prairie  commu- 
nities. 

The  rural  road  problem  in  Alberta  becomes  therefore, 
practically  one  of  improved  earth  road  construction.  The 
naturally  occurring  soil  is  the  only  material  at  hand  and  must 
form  the  basis  of  any  type  of  construction  that  is  economically 
feasible.  The  soils  vary  in  nature  and  properties  corresponding 
to  the  proportions  in  which  the  three  primary  soil  constituents 
— sand,  silt  and  clay — are  present.  Accordingly  as  each  of 
these  constituents  predominates,  a  soil  type  will  be  presented 
that  will  offer  its  own  phase  of  the  general  problem,  and  will 
call  for  a  corresponding  modification  of  any  general  scheme  of 
treatment  to  render  the  soil  a  serviceable  road  material. 

The  soil  type  with  which  the  road  builder  on  the  prairie 
has  most  often  to  contend,  or  at  least  the  type  which  impresses 
itself  most  on  his  attention,  is  that  in  which  the  clay  character- 
istic is  predominant.  This  is  the  type  that  is  being  studied 
most  at  present  by  the  Research  Department  at  the  University 
of  Alberta.    •" 

There  occurs,  widely  distributed  throughout  the  province 
of  Alberta,  a  substance  known  as  'bentonite',  often  erroneously 
called  'soapstone'.  An  examination  of  almost  any  good 
section  through  the  superficial  deposits  from  the  south  of  the 
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province  to  the  Peace  River  district  will  reveal  layers  of  ben- 
tonite  in  concentrated  form.  Indeed  it  may  safely  be  assumed 
that  bentonite  occurs  as  a  constituent  in  much  of  the  soil  of 
the  province.  Certainly,  the  behaviour  of  the  soils  supports 
such  an  assumption.  Bentonite,  in  its  purer  forms  when  dry, 
is  a  hard,  light-coloured,  almost  stonelike  material.  As  generally 
found  it  is  greenish  in  colour,  is  crumbly  in  texture,  and  has  a 
high  water  content.  When  placed  in  direct  contact  with 
water  bentonite  immediately  commences  to  swell  and  will 
absorb  enough  water  to  increase  its  bulk  as  much  as  eight-or 
ten-fold.  The  swollen  mass  is  a  smooth,  sticky  jelly.  The 
hardness  of  dry,  Alberta,  clay  soils,  their  high  shrinkage,  and 
their  soft,  sticky,  unstable  nature  when  wet,  are  propertied 
that  closely  parallel  those  of  bentonite  and  are  such  as  would  bs 
expected  if  this  substance  was  one  of  the  soil  constituents. 

Turning  now  to  the  problem  of  dealing  with  clay  soil 
conditions  from  the  standpoint  of  road  construction,  there 
are  two  general  schemes  of  procedure  which  might  be  expected 
to  lead  to  practical  results.  The  first  of  these  is  to  minimize 
the  effect  of  the  clay  by  greatly  reducing  the  proportion  in 
which  it  is  present  in  the  material  forming  the  surface  of  the 
road.  This  is  the  aim  of  the  'sand-clay'  type  of  construction, 
by  which  the  clay  soil  is  so  diluted  with  admixture  of  sand  that 
it  is  present  merely  as  a  binder.  The  clay  holds  the  sand  to- 
gether under  dry  conditions,  and  the  sand  supplies  the  stability 
to  the  aggregate  when  the  conditions  are  wet.  A  series  of 
test  sand-clay  aggregates,  prepared  at  the  Research  Laboratory, 
containing  clay  soil  from  the  Edmonton  district  as  binder, 
and  sand  in  the  best  proportions  and  with  the  best  grading 
that  experience  has  indicated  for  sand-clay  road  construction, 
showed,  when  dry,  a  hard,  stable  aggregate,  but  failed  to  retain 
any  measure  of  stability  when  exposed  to  wet  conditions. 
An  Alberta  clay  soil  apparently  will  not  easily  be  rendered 
amenable  by  the  admixture  of  sand.  There  is  the  additional 
difficulty  that  sand  of  suitable  grading  is  not  as  a  rule  readily 
obtainable  in  this  province. 

The  second  possible  scheme  of  handling  the  problem  is 
directly  to  attack  the  source  of  the  trouble,  namely,  the  active 
clay  constituent  of  the  soil;  and  in  some  way  eliminate  those 
of  its  properties  that  are  responsible  for  the  unstable,  wet 
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state  of  aggregates  in  which  clay  soils  occur.  It  has  already 
been  assumed  that  the  clay  body  in  Alberta  soils  is  bentonite. 
It  would  thus  follow  that  the  key  to  a  successful  procedure 
is  to  be  found  in  an  understanding  of  the  properties  of  this 
interesting  substance.  The  characteristics  of  bentonite  indi- 
cate that  it  is  an  example  of  matter  in  the  colloidal  state.  The 
problem  thus  falls  within  the  field  of  colloid  chemistry,  and 
it  is  among  the  phenomena  which  study  in  that  field  has  re- 
vealed that  the  clue  for  a  solution  is  to  be  sought. 

'Absorption',  a  property  of  colloidal  matter,  offers  a  pro- 
mising lead  toward  the  solution  of  the  clay  soil  trouble.  The 
term  'absorption'  is  used  to  designate  the  action  by  which, 
under  suitable  conditions,  colloid  particles  associate  with 
themselves,  in  an  intimate,  physical  combination,  many 
substances  with  which  they  come  in  contact.  The  resulting 
combination  has  properties  that  are  in  the  nature  of  a  com- 
promise between  the  separate  properties  of  the  associated 
substances.  If  the  colloidal  matter  in  the  clay  soil  could  be 
induced  to  associate  itself  with  some  other  substance  so  that 
a  combination  would  result  that  did  not  include  among  its 
properties  that  of  absorbing  a  large  amount  of  water  and  swell- 
ing into  an  unstable  jelly,  a  solution  of  the  problem  would 
appear  to  be  in  sight. 

Some  promising  experiments,  following  along  this  line, 
have  been  made  at  the  Research  Laboratory.  A  sample  of 
clay  soil  was  moistened  with  sufficient  water  to  make  it  work- 
able. Bitumen,  extracted  from  the  Alberta  'tar  sands'  was 
then  mixed,  cold,  into  the  wet  soil.  The  clay-bitumen  mix- 
ture was  then  pressed  into  place  in  a  small  box  to  imitate  a 
miniature  section  of  an  earth  road.  Other  aggregates  were 
prepared,  consisting  principally  of  various  grades  of  sand,  but 
with  the  clay-bitumen  combination  present  as  a  binder.  All 
dried  to  hard,  stable  aggregates.  Very  little  shrinkage  was 
shown  by  the  clay-bitumen  combination.  Upon  being  exposed 
to  conditions  of  severe  wetness  in  the  form  of  a  spray  from  a 
hose  for  fifteen  hours,  these  aggregates  remained  stable  and 
dried  off  very  quickly. 

The  result  of  this  experiment  has  been  sufficiently  encour- 
aging to  warrant  the  planning  further  research  in  this  direction; 
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and  shortly  systematic  study  will  be  commenced  in  the  Research 
Laboratory  to  correlate  the  clayey  nature  of  Alberta  soils  with 
the  stability  which  can  be  obtained  by  the  bitumen,  and 
possibly  ot  her  methods  of  treatment. 


Discussion. 


Mr.  T.  B.  Williams:— About  what  proportion  of  the 
bitimien  was  used  with  the  clay  in  the  experiment  mentioned  ? 

Dr.  Clark  :-I  did  not  mention  the  percentage  as  I  have  not 
yet  had  an  opportunity  to  determine  just  how  much  bitumen 
must  be  incorporated  to  get  a  stable  effect.  That  is  a  point 
I  wish,  this  winter,  to  investigate  and  settle.  In  the  sample 
in  question  there  is  about  20%  bitumen.  The  other  samples, 
consisting  mostly  of  sand  with  the  clay-bitumen  combination 
as  a  binder,  contain  only  about  5%  of  bitumen.  This  is  not 
a  large  proportion.  The  percentage  of  sand  is  about  80% 
It  may  very  well  turn  out  that  with  a  clay  soil  10% 
bitumen  will  be  enough  to  render  the  combination  stable. 
I  cannot  say  anything  about  that  at  the  present  time,  however. 

Frof.  FEARNSIDES:-The  underground  railways  in  London 
have  trouble  with  clay,  which  starts  running  during  the  wet 
season.  The  method  they  use  is  to  dispose  a  cheap  coal,  to 
the  extent  of  about  4%  or  5%,  with  the  clay  as  thrown  out 
of  the  trench,  and  then  set  the  coal  alight.  The  soil  so  treated 
becomes  a  hard  porous  material,  that  effectively  protects  the 
sides  of  the  structure.  This  material  is  much  sought  after 
by  London  contractors.  Where  big  foundations  are  being 
laid,  they  take  the  London  clay,  burn  it  on  the  site  and  use  it 
again  in  the  ratio  of  a  1:2:3  mixture  for  concrete.  The  clay 
thus  burnt  becomes  a  refractory  material  having  many  excel- 
lent properties.  I  think  this  procedure  would  give  valuable 
results  in  Alberta.  I  may  mention  that  during  the  war  I  was 
connected  with  the  Munitions  Board  and  was  concerned  in 
the  study  of  the  problem  presented  there  because  England 
was  cut  off  from  its  supplies  of  steel  moulding  sands.  We 
sought  binders,  to  mix  with  our  sands.  From  Alberta  we 
obtained  three  or  four  tons  of  bentonite,  and  we  tried  to  use 
it  with  the  various  sands  we  had.    We  failed  lamentably,  but 
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the  combination  of  95%  sand  and  5%  bentonite,  when  put 
up  against  the  molten  steel  for  castings,  gave  some  very  inter- 
esting products  which  have  proved  to  be  very  stable.  I  have 
in  my  laboratory  some  of  the  aggregates  in  which  bentonite 
was  used  as  a  binder,  and  which,  when  burned,  turned  out  to 
be  more  than  stable.  I  think  you  have  a  valuable  refractory 
material  in  bentonite,  but  theory  is  rather  against  your  making 
any  very  successful  aggregate  by  merely  mixing  bentonitic 
material  and  sand  to  contend  with  the  effects  of  great  changes 
of  atmospheric  conditions. 


A  NEW  METHOD  OF   UTILIZING   "HOGGED  FUEL" 
By  Frank  Sawford. 

(Annual  General  Meeting,  British  Columbian  Division,  February  1921.) 

The  sawmills  in  British  Columbia  produce  an  enormous 
quantity  of  wood  refuse.  This  refuse  consists  of  sawdust, 
and  of  slabs  and  blocks  of  wood  and  bark.  A  small  percentage 
of  this  refuse  is  used  at  the  mills  for  the  generation  of  steam. 
There  is  also  a  market  for  a  small  proportion  of  the  slab- wood, 
which  is  cut  up  into  lengths  of  approximately  sixteen  inches, 
and  used  as  a  domestic  fuel.  Its  value  as  a  fuel  in  this  form 
is,  however,  questionable,  having  regard  to  the  cost  of  handling, 
the  necessity  of  placing  it  under  cover  to  rid  it  of  its  moisture 
content,  and  the  inefficient  methods  of  burning  it.  The  bulk 
of  the  mill  refuse,  however,  is  destroyed.  In  any  case,  it  is 
difficult  to  burn  mill  refuse  to  advantage  on  account  of  its 
high  moisture  content,  which  results  in  a  large  heat  loss,  since 
this  moisture  must  be  evaporated  before  combustion  can  be 
completed.  Another  reason  militating  against  efficient  burn- 
ing is  the  considerable  and  unavoidable  anount  of  excess  air 
used  during  combustion  with  furnaces  of  the  types  at  present 
in  use. 

In  the  states  of  Washington  and  Oregon,  it  has  been 
successfully  demonstrated  that  mill  refuse  can  be  prepared 
so  as  to  yield  a  fuel,  suitable  for  industrial  uses  and  as  a  sub- 
stitute for  coal  or  oil.  The  product  is  known  as  'Hogged  Fuel.' 
This  is  made  by  reducing  the  mill  refuse  to  chips,  about  three 
inches  long  and  about  one  half  an  inch  thick  in  the  machines 
termed  'hogs'.  This  fuel  although  fairly  satisfactory  for 
industrial  use  is  still,  it  is  believed,  not  entirely  suitable  for 
use  in  the  ordinary  types  of  furnaces  on  account  of  its  high 
moisture  content:  but  by  the  method  presently  to  be  described 
not  only  can  this  drawback  be  overcome  and  the  heat  efficiency 
of  the  fuel  increased,  but  valuable  by-products  are  recoverable. 
This  involves  the  use  of  an  extraction  gas-producer.  Although 
the  method  is  novel,  the  principle,  of  course  is  not.  The 
method,  it  is  believed,  was  first  proposed  by  F.  T.  Snyder, 
whose  explanation  of  its  principle  is  as  follows: 

(242) 
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"Wood,  when  heated,  breaks  up  into  water,  gas,  oil  and 
charcoal.  When  wood  is  burned,  the  gas,  oil  and  charcoal 
supply  heat  and  the  water  absorbs  a  large  part  of  this  avail- 
able heat  and  carries  it  out  of  the  chimney  as  the  latent  heat 
of  vaporization.  The  remaining  heat  only  is  available  for 
making  steam  under  a  boiler.  The  oil  that  comes  from  a  cord 
of  fir  wood  is  worth  more  than  the  original  cord  of  wood.  If, 
instead  of  burning  the  wood  directly,  the  wood  is  heated  grad- 
ually, the  water  can  be  driven  off  as  vapor  carrying  the  oil 
with  it.  This  oil  can  be  condensed  out  of  water  vapor  and 
sold  for  more  than  the  cost  of  the  original  wood.  The  result 
of  such  removal  of  the  oil  and  water  is  that  the  fuel  cost  of 
operating  the  boilers  is  eliminated.  In  addition,  the  labor  and 
maintenance  cost  of  operating  the  gas  producer  is  completely 
carried  by  the  wood  ash  which  is  fused  and  shipped  as  potash 
fertilizer.  Practically  this  drying  of  the  wood  of  water  and 
oil  is  done  by  passing  a  current  of  hot  gas  through  the  wood 
in  a  special  form  of  gas  producer.  This  is  called  the  'gas 
extraction'  method.  The  hot  gas  heats  the  wood  and  absorbs 
the  water  and  oil  vapor  and  carries  them  over  into  a  water 
condensor.  Hot  charcoal  is  left  in  the  producer.  This  is 
made  into  hot  gas  by  blowing  a  limited  amount  of  air  into 
this  hot  charcoal.  This  is  the  gas  that  is  passed  through  the 
wood  for  the  drying.  After  this  gas  is  stripped  of  its  water 
and  oil  in  a  condensor,  the  gas  is  piped  under  the  boilers  and 
burned  with  a  further  supply  of  air.  As  the  charcoal  makes 
more  gas  than  is  required  to  dry  the  wood  and  extract  the  oil, 
such  excess  gas  is  taken  off  before  going  through  the  wood  and 
sent  directly  to  the  boilers.  When  the  wood  is  burned  directly 
under  boilers,  about  one  third  more  air  has  to  be  used  than 
is  absorbed  in  combustion.  This  excess  air  and  the  water 
from  the  wood  carries  out  of  the  chimney  a  large  amount  of 
heat.  When  the  gas  from  such  wood  is  burned  practically 
no  excess  air  has  to  be  used.  The  heat  saved  in  this  way  is 
greater  than  the  heat  value  of  the  oil  that  is  stripped  from  the 
gas  and  sold.  The  result  is  that  the  boilers  receive  more  heat 
from  the  wood  by  gassifying  it  whether  or  not  the  oil  is  saved. 
When  hogged  wood  fuel  is  burned  under  a  boiler,  the  output 
of  the  boiler  is  limited  by  the  draft.  If  too  much  draft  is  used 
the  fuel  is  lifted  off  the  grates  and  cinders  blown  out  (»f  the 
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chimney.  Where  the  wood  is  gassified  first  and  the  resulting 
gas  is  burned  under  the  boilers,  this  limit  to  the  draft  does 
not  exist..  Therefore  the  heat  from  twice  as  much  wood  can 
be- applied  to  each  boiler  and  twice  the  steam  taken  off.  Where 
boiler  space  is  limited  this  permits  doubling  the  output  of 
existing  boilers." 

It  need  not  be  pointed  out  that  the  distillation  of  wood 
for  the  recovery  of  the  oils  is  not  new,  any  more  so  than  using 
wood  in  gas  producers  for  the  generating  of  power  gas.  A 
simple  self-contained  plant,  however,  for  the  production  of 
power  gas  together  with  provision  for  the  recovery  of  the  oils 
and  fertilizing  products;  a  plant  that  can  be  employed  for 
the  purpose  of  steam  directly  and  using  a  material  which  is 
now  a  waste  product,  is  a  novel  conception. 

As  the  accompanying  diagram  shows,  the  plant  proposed 
is  very  simple,  and  consists  of  three  principal  parts,  the  produ- 
cer, the  condenser,  and  the  blower,  together  with  the  necessary 
connecting  piping.  The  producer  somewhat  resembles  the 
familiar  foundry  cupola  or  charcoal  blast  furnace.  This 
producer  should  be  considered  however,  as  consisting  of  two 
distinct  parts.  In  the  upper  part  marked  wood  kiln,  is  carried 
out  the  process  of  evaporating  the  moisture  and  distilling  the 
oils  from  the  wood.  Where  the  fuel  reaches  the  bottom  part 
of  the  producer,  it  has  been  converted  into  charcoal,  which  is 
burned  to  monoxide  gas  by  blowing  a  limited  amount  of  air 
through  the  ring  of  the  tuyeres  at  the  bottom  of  the  producer. 
The  Co  gas  is  taken  off  at  the  middle  part  of  the  producer 
and  conveyed  to  the  boilers  by  means  of  firebrick  lined  pipes. 
This  gas  will  be  referred  to  hereafter  as  power  gas.  No  cooling 
of  this  gas  takes  place  other  jthan  the  slight  loss  of  heat  due 
to  radiation,  hence  the  necessity  of  lining  the  pipes  with  fire- 
brick. 

The  hog  fuel  is  fed  into  the  top  of  the  producer,  preferably 
by  means  of  a  screw  conveyor  or  other  suitable  appliance 
that  will  permit  of  sealing  the  top  of  the  producer  against 
atmosphere.  In  the  diagram  is  shown  a  double  bell  for  the 
purpose  of  feeding  the  fuel  and  providing  a  seal.  This  is, 
however,  only  intended  to  show  the  requirements  in  a  diagram- 
atic  form,  as  in  practice,  the  double  bell  arrangement  may  be 
found   objectionable. 
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As  the  fuel  feeds  down  owing  to  combustion  in  the  bottom 
zone,  the  process  of  distillation  is  carried  out  under  a  pro- 
gressively rising  temperature  and  the  moisture  and  oils  are 
distilled  out  and  carried  away  through  the  pipe  connected  to 
the  top  of  the  producer.  As  the  fuel,  after  the  removal  of  its 
moisture  and  oils,  reaches  the  lower  zone  of  the  producer, 
it  is  converted  into  charcoal.  This  charcoal,  already  at 
a  high  temperature,  is  completely  burned  to  Co  gas,  as 
stated  previously,  by  forcing  in  a  limited  amount  of  air  under 
a  comparatively  high  pressure.  On  account  of  the  high  tem- 
perature reached  at  this  zone  the  ash  is  fused  and  collects  in 
the  bottom  in  the  form  of  molten  slag  which  can  be  tapped 
out  at  intervals,  This  ash  or  slag  contains  all  the  potash 
available,  dependent  on  the  class  of  hog  fuel  burned;  and 
when  tapped  and  cooled  can  be  broken  up  and  ground,  in  which 
form  it  becomes  available  for  use  as  a  fertilizer. 

It  will  be  seen  that  the  outlet  from  which  the  power  gas 
is  conveyed  to  the  boilers  is  the  only  outlet  from  the  producer 
to  atmosphere.  The  gas  taken  from  this  outlet  is  that  due 
to  reduction  of  the  charcoal  to  Co.  The  outlet  shown  at  the  top 
of  the  producer  is  connected  by  means  of  a  pipe  to  the  spray 
condenser.  From  this  outlet  is  taken  the  vapour  containing  all 
the  products  of  distillation  of  the  wood  fuel.  This  vapour 
is  conveyed  to  the  bottom  of  the  condenser  and  passes  upwards 
through  water  sprays  which  condense  all  the  vapours  into 
liquid  form.  The  water  from  the  sprays  together  with  all 
the  liquified  products  of  distillation  are  collected  at  the  bottom 
of  the  condenser.  The  liquids  separate  out  in  accordance 
with  their  specific  gravities.  The  liquids  are  all  run  off  from 
the  condenser  by  means  of  continuous  overflows.  The  hot 
water,  if  not  required  for  any  other  purpose,  or,  if  saving  of 
water  is  not  a  consideration,  can  be  run  to  waste.  The  oils 
are  collected,  filtered,  and  re-combined  if  desired,  for  use 
directly,  or  for  re-distillation. 

The  vapour  after  dropping  its  condensable  content  is 
drawn  from  the  top  of  the  condenser  to  the  suction  blower, 
which  is  provided  with  an  air  inlet  valve.  The  air  passes 
through  this  valve  and  combines  with  the  wood  gas  coming 
from  the  condenser ;  the  mixture  then  passes  through  the  blower 
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and  is  delivered  to  the  tuyere  ring  in  the  producer  under  a 
pressure  of  about  one  pound  per  sq.  inch. 

The  air  inlet  valve  is  merely  an  automatic  adjustable 
balance  valve  which  can  be  adjusted  to  allow  the  correct 
quantity  of  air  to  enter.  The  blower  speed  is  regulated  to  give 
the  necessary  amount  of  air  to  cause  complete  combustion 
of  the  gases,  and  is  preferably  controlled  from  the  boilers  fired 
by  the  power  gas. 

The  arrangement  of  the  plant  can  be  modified  in  many 
ways  to  suit  conditions  as  required.  The  diagram  serves  to 
show,  however,  the  essential  parts  required  for  the  extraction 
method  of  gas  production. 

Although  so  far  as  the  author  is  aware  there  are  not  as 
yet  any  extraction  producers  in  commercial  service  using 
hog  fuel  in  the  manner  described,  there  are  many  producers 
in  use  of  both  the  pressure  and  suction  type  using  wood  and 
other  fuels  for  the  production  of  power  gas,  and  also  many  plants 
in  use  for  the  distillation  of  wood  and  other  materials.  The 
extraction  gas  producer,  therefore,  as  described  in  this  paper 
cannot  be  considered  an  untried  experiment. 

Laboratory  tests  have  also  been  made  to  determine  the 
relative  quantities  of  gas  and  oils  which  may  be  expected  from 
a  given  quantity  of  hog  fuel,  and,  as  showing  the  commercial 
possibilities  of  this  extraction  producer  the  following  figures 
are  given  based  on  careful  laboratory  tests  and  experiments. 

Assuming  a  cord  of  fir  wood  to  equal  4000  pounds: — 
twenty  gallons  of  oil  are  recovered  in  the  condenser  for  each 
cord  of  wood  distilled  in  the  producer;  of  this,  18  gallons 
would  be  heavy  oil,  and  2  gallons  light  oil.  From  the 
reduction  of  the  charcoal  content  of  the  wood  about  95000 
cubic  feet  of  gas  is  produced  per  cord  of  wood.  About  one 
per  cent  or  40  pounds  of  ash  in  the  form  of  potash  fertilizer 
is  also  required.  If  a  cord  of  hog  fuel  were  burned  directly 
under  a  boiler  there  would  be  available  as  useful  heat  for  the 
boiler  about  12,000,000  B.T.U.  dependent  on  the  moisture 
content  of  the  hog  fuel.  This  may  seem  a  small  quantity 
when  it  is  considered  that  dry  wcod  has  an  average  heat  value 
of  about  9000  B.T.U.  per  pound.  The  difference  is  accounted 
for,  however,  by  the  moisture  content  of  the  fuel  and  the 
inefificient  methods  of  combustion. 
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A  cord  of  wood  put  through  an  extraction  gas  producer 
will  deliver  to  the  boiler  as  useful  beat  14,000,000  B.T.U. 
notwithstanding  that  all  the  oils  are  stripped  from  the  wood 
fuel  before  being  gasified.  This  is  accounted  for  by  the  fact 
that  in  the  production  of  95000  cubic  feet  of  power  gas,  we 
not  only  get  the  heat  from  the  further  combustion  of  the  gas 
from  Co  to  C02,  but  also  the  heat  from  the  partial  combustion 
in  the  producer  by  the  convenience  of  the  charcoal  to  Co.  The 
nitrogen  content  of  the  gas  not  being  combustible  is,  of  course, 
of  no  value  as  a  fuel,  yet  the  nitrogen  serves  as  a  vehicle  for  ' 
the  heat  from  the  producer  to  the  boiler.  The  extraction 
gas  producer  used  in  connection  with  a  boiler  plant  will  there- 
fore deliver  20%  more  heat  to  the  boiler  after  extracting  the 
oils  from  the  fuel  than  can  be  obtained  by  burning  the  fuel 
direct  under  the  boiler,  in  which  case  no  oils  are  recovered. 

It  is  not  intended  in  this  paper  to  discuss  the  chemical 
value  of  the  oils  recovered  or  their  uses.  It  is  suggested, 
however,  that  here  is  a  new  source  of  securing  flotation  oils  for 
use  in  mineral  recovery  plants. 

As  regards  the  value  of  the  bye-products  recovered  from 
the  extraction  producer: — 

Assuming  oil  to  be  worth  25  cents  per  gallon,  a  cord  of 
wood  would  yield  a  return  of  five  dollars  Assuming  the  ash 
to  be  worth  80  dollars  per  ton  as  fertilizer,  this  would  be 
equivalent  to  a  yield  of  a  dollar  and  sixty  cents,  or  a  total  of 
six  dollars  and  sixty  cents  per  cord  of  wood  treated. 

It  is  recommended,  therefore,  that  the  sawmills  instead 
of  burning  their  waste  as  at  present,  should  convert  it  into  hog 
fuel  for  use  in  extraction  gas  producers,  from  which  to  derive 
their  power. 


CHEAPER    AND    BETTER    COAL. 
By  Alexander  Sharp  (/) 

(Annual  Meeting,  B.C.  Division,  Vancouver,  Feb.  1920.) 

The  ideal  in  coal  mining  is  not  only  to  produce  the  great- 
est possible  tonnage  at  the  least  possible  cost,  but  to  produce 
the  greatest  amount  of  lump  coal.  Coal  is  greatly  deteriorated 
in  value  by  being  broken  up  into  small  fragments.  The  ques- 
tion of  profit,  or  the  success  of  the  mine,  depends  on  the  con- 
dition in  which  the  coal  is  delivered.  A  ton  of  the  worst  qual- 
ity will  have  cost  as  much  by  the  time  it  is  delivered  to  the 
surface  as  a  ton  of  the  best  quality. 

The  three  general  principles  employed  in  the  mining 
of  coal  are:  (l)hand  mining;  (2)  shooting  from  the  solid;  (3) 
machine  mining. 

(1)  Hand  mining  although  producing  a  clean  lump  product 
entails  great  effort  on  the  part  of  the  miner  for  a  aminimum 
production.  This  method  is  gradually  being  discarded  and 
machinery  applied. 

(2)  When  coal  is  shot  or  blasted  without  having  been 
previously  undercut  or  sheared,  it  is  termed  shooting  from  the 
solid.  The  only  preparation  consists  of  drilling  the  holes 
necessary  for  the  explosive  charge.  The  heavy  charges  of 
powder  necessary  to  blow  down  the  coal  when  it  has  not  been 
previously  undercut  or  sheared  results  in  the  production  of 
much  fine  coal  and  renders  the  lump  coal  so  friable  that  it 
disintegrates  badly  in  the  handling  and  in  transportation. 
This  system  of  mining  coal  is  largely  practised  in  Canada  and 
results  in  a  great  loss  of  large  coal. 

(3)  The  question  of  undercutting  and  otherwise  of  min- 
ing coal  by  machinery  obtains  a  greater  amount  of  attention 
year  by  year.  Mining  engineers  are  more  and  more  disposed 
to  examine  the  now  generally  accepted  economic  advantage 
resulting  from  the  employment  of  coal-cutters.  It  has  been 
established  that  when  conditions  are  favourable  the  output 
per  man  may  be  greatly  increased  by  the  use  of  these  machines 
and  the  cost  of  production  is  reduced.  The  proportion  of 
round  coal  which  increases  the  coal  value  has  also  been  raised. 
It  is  admitted  that  in  some  seams  the  machines  have  not  given 
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good  results.  This  is  beirg  fast  improved  on  by  the  success- 
ful introduction  of  more  portable  and  durable  machines. 
Where  machines  can  be  operated,  the  advantages  may  be  summed 
up  thus: — There  is  an  increased  output  of  large  coal  in  a 
firmer  and  better  condition;  the  output  is  both  more  regular 
and  larger,  less  explosives  are  required,  and  the  machine  work 
is  safer  and  less  laborious  than  hand  mining. 

Machine  Mining  in  this  and  other  Countries 

It  would  appear  that  the  United  States  of  America  leads 
the  world  in  coal-cutting  machinery  and  other  coal  mining 
labor-saving  devices,  as  the  following  figures  will  show.  In 
1899,  3,125  machines  were  employed  for  mining  coal  in  that 
country;  in  1906,  10,212  machines;  in  1909,  13,049  machines; 
in  1911,  13,819  machines;  in  1912,  15,298  machines;  and  in  1913, 
16,260  machines. 

The  output  of  coal  mined  by  machines  has  more  than 
doubled  in  recent  years.  During  1890  not  more  than  5,000,- 
000  tons  or  5%  of  the  whole  was  machire  mined,  whereas  in 
1905,  103,396,000  tons  were  mined  by  machines.  In  1808, 
this  production  had  increased  to  123,183,000  tons;  in  1909  to 
142,496,000  tons;  in  1910  to  174,012,000  tons;  in  1911  to  178,- 
153,000  tons;  in  1912  to  210,538,000  tons;  and  in  1913  to  242,- 
476,559  tons;  or  in  other  words,  more  than  50%  of  the  total 
output  of  coal  from  bituminous  mines  was  mined  by  machinery 
during  1913.  In  1914,  24,274,000  tons  or  about  9.1%  of  the 
total  output  of  Great  Britain  was  machine  mined.  In  British 
Columbia  only  4.75%  of  the  total  coal  production  for  1919  was 
mined  by  coal-cutting  machines.  In  South  Africa  during  that 
year  70%  of  the  coal  mined  was  machine  mined. 

The  increased  productivity  of  the  American  coal  mines 
is  not  altogether  due  to  coal-cutting  machines,  but  much  of  it 
Is  due  to  a  general  introduction  of  many  labor-saving  mechani- 
cal devices  such  as  self-dumping  cages,  to  replace  the  old- 
fashioned  cage  or  hoist  that  required  the  attention  of  several 
men  on  the  pit  top.  Where  trains  of  cars  are  being  hauled 
to  the  outside  from  entry  or  slope  openings,  long  tipples  cap- 
able of  dumping  a  whole  trip  of  cars  without  detaching  them 
from  the  haulage  rope,  and  main  roads  provided  with  rails  of 
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The  gross  output  of  the  United  States  now  amounts  to 
fully  six  hundred  million  tons  of  coal  per  annum,  fifty  million 
tons  of  that  amount  is  available  for  export  to  Brazil,  Argentine, 
and  to  European  countries. 

Canadian  Coal  and  Coal  Mining 

Fifteen  per  cent  of  the  world's  coal  is  in  Canada,  (1,234,- 
266,000,000  metric  tons).  British  Columbia  is  credited  with 
an  actual  and  possible  reserve  of  fully  60,000,000,000  tons — 
a  coal  that  compares  favourable  with  those  of  other  great 
coal  mining  countries  in  respect  of  quality  and  availability. 
Its  distribution  is  unique.  Vancouver  Island  is  credited  with 
6,000,000,000  tons;  Crowsnest  Pass  district  with  34,000,000,000 
tons,  and  the  Nicola,  Coalmont  and  Princeton  districts  with 
22,000,000,000  tons.  In  addition  there  are  large  coal  areas 
in  the  northern  districts  of  the  Province. 

Canadian  coal  resources  are  great.  On  their  proper  de- 
velopment and  utilization  much  of  the  nation's  prosperity 
depends. 

Few  people  realize  the  value  of  coal.  Coal  besides  warm- 
ing our  homes,  etc.,  is  one  of  the  world's  most  essential  pro- 
ducts, for  the  creation  and  maintenance  of  industrial  life.  It  is 
the  parent  of  more  articles  of  use  to  mankind  than  any  other 
material  substance.  Withal  Dr.  Frank  Adams,  Dean  of  Science, 
McGill  University,  in  a  report  to  the  Commission  of  Conser- 
vation, states  that  the  methods  of  mining  coal  in  Canada  are 
responsible  for  50%  of  all  the  coal  originally  present  in  the  seam 
remaining  in  the  mine  and  being  permanently  lost.  This  is  a 
muchgreater  loss  than  that  of  any  other  coal  producing  country, 
including  the  United  States  of  America,  where  conditions  in 
that  respect  are  much  improved  by  the  good  work  of  that  ex- 
cellent institution,  the  Bureau  of  Mines,  and  also  by  a  more 
general  introduction  of  coal-cutting  machinery  thus  reducing 
blasting. 

A  writer  of  old  said  "Old  things  are  passed  away,  all 
things  are  new".  The  world  has  been  undergoing  a  process  of 
economic  education,  slow  but  sure,  that  is  fast  changing  meth- 
ods of  industrial  life.  Coal  mining  properly  conducted  is  a 
scientific  industry.  The  operator  requires  to  be  a  thorough 
economist,  envoi ving  ten  years  of  practical  and  scientific 
training.    He  is  satisfied  with  no  guess  or  rule  of  thumb  work 
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12  to  16  pounds,  are  a  thing  of  the  past.  In  modern  mines 
rails  of  60  to  90  pounds  are  used  in  main  roads,  and  rails  of 
from  40  to  60  pounds  on  secondary  roads.  Grades  for  tracks 
are  plotted  with  the  precision  required  on  a  railway  system. 
Main  road  tracks  in  many  cases  are  ballasted  with  incom- 
bustible material.  Mule  haulage  with  cars  of  fifteen  hundred- 
weight capacity  has  seen  its  day,  and  has  been  replaced  by 
electric  locomotives  that  haul  cars  of  from  two  to  three  tons 
capacity.  The  miner  is  provided  with  an  electric  lamp  that 
illuminates  clearly  his  working  place.  The  ratchet  drill  re- 
quiring the  whole  strength  of  the  miner  for  half  an  hour  or 
more  to  drill  a  blasting  hole  is  replaced  by  the  electric  or  air 
drill,  drilling  a  hole  in  a  few  minutes.  American  coal  operators 
are  improving  their  mines  at  an  annual  expenditure  of  $150,- 
000,000.  British  and  Canadian  operators  appear  to  be  less 
progressive. 

Professor  Bone  of  London,  England,  in  a  recent  address 
on  the  productivity  of  American  mines  and  other  industries, 
stated  that  "Each  worker  in  the  United  States  had  on  an 
average  56%  more  power  at  his  disposal  than  his  confrere 
in  Great  Britain  and  other  countries." 

Per  capita  Production  of  Countries 

As  a  direct  result  of  the  application  of  such  mechanical 
aids,  the  United  States  leads  all  other  nations  in  coal  pro- 
duction. In  1887  the  output  of  coal  per  man  employed  per 
annum  in  Great  Britain  was  312  tons;  in  Canada,  341  tons; 
in  the  United  States  400  tons;  and  in  Australia  333  tons.  In 
the  year  1912,  in  Great  Britain  the  output  per  man  employed 
per  annum  had  decreased  to  262  tons  (a  decrease  of  23.08%) 
whereas  in  Canada  it  had  risen  to  398  tons  (an  increase  of 
11.08%);  in  the  United  States  to  613  tons  per  person  (an  in- 
crease of  53.25%);  and  in  Australia  to  485  tons  per  person  (an 
increase  of  14.56%).  It  is  estimated  that  the  United  States 
production  per  capita  for  1920  will  amount  to  750  tons. 

In  this  connection  it  may  be  said  that  prior  to  the  in- 
troduction of  mechanical  mining  in  the  United  States,  the  coal 
output  per  person  per  annum  was  no  greater  than  that  of  other 
countries;  thus  in  1887,  the  returns  showed  the  rate  to  be  400 
tons  per  person,  and,  in  1912,  613  tons. 
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to  carry  on  his  business.  Surface  and  underground  workings 
are  laid  out  in  accordance  with  correct  engineering  practice. 
If  conditions  are  favourable,  coal-cutting  machinery  and  other 
labour-saving  devices  are  installed,  thus  reducing  the  human 
element  in  coal  production,  eliminating  as  far  as  possible  the 
laborious  work  of  the  miner.  If  coal  is  to  be  delivered  to 
the  market  clean  and  assorted  it  must  be  mined  properly. 

The  percentage  of  machine-mined  coal  of  the  leading 
coal  producing  nations  of  the  world  has  already  been  stated 
and  need  not  be  referred  to  again  except  to  say  that  of  the 
2,267,541  tons  of  coal  produced  in  this  Province  during  1919, 
only  114,910  tons  or  4.75%  of  the  whole  was  machine-mined. 
This  is  perhaps  the  smallest  percentage  of  machine-mined 
coal  of  any  mining  district  where  tools  are  required  to  mine. 

A  more  general  introduction  of  coal-cutters  and  other 
labour  saving  devices  in  the  mines  of  the  Province  would 
doubtless  cheapen  coal.  Of  course  I  am  aware  there  are  dis- 
tricts in  many  of  the  mines  where  conditions  are  not  favour- 
able to  the  introduction  of  machines.  At  the  same  time  it  is 
safe  to  say  that  all  has  not  been  done  that  could  be  done. 
The  cheap  machine-mined  coal  of  America  is  enabling  that 
country  to  manufacture  the  cheapest  goods  in  the  world  today. 
We  have  evidence  of  this  in  our  statistics  of  imports  and  ex- 
ports. Canada's  unfavourable  balance  of  trade  now  amounts 
to  between  three  hundred  and  four  hundred  million  dollars. 
Much  of  that  can  be  corrected  by  cheaper  fuel.  Why  should 
the  Canadian  worker  not  have  as  much  mechanical  power  at 
his  command  as  his  confrere  in  the  United  States  ? 

Great  Britain  is  now  fully  alive  to  the  issue.  A  new  de- 
partment of  mines  has  been  created;  fully  four  hundred  ex- 
perts in  mining,  machinery,  electric  power,  chemistry,  etc., 
have  been  appointed  to  improve  coal  mining  and  the  coal 
trade. 

The  Government  of  Australia  has  voted  twenty  million 
pounds  sterling  to  improve  conditions.  There  is  a  wide  field 
for  the  Government  of  British  Columbia  to  co-operate  with 
the  mine  operators  to  modernize  the  mines,  to  cheapen  the 
cost  of  production  of  coal  and  coke,  and  so  enable  the  Pro- 
vince to  become  the  industrial  country  nature  destined  it  to 
be. 
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steam  to  increase  by-products,  and  in  the  utilization  of  pro- 
ducer gas  for  heating  combination  ovens,  to  save  the  richer 
by-product  gas  for  town  supply. 

The  increasing  shortage  of  natural  fuels,  anthracite,  na- 
tural gas,  and  petroleum  have  led  to  a  growing  demand  for  by- 
product coke  as  a  fuel  for  other  than  metallurgical  purposes. 
Practical  house-heating  tests  carried  out  by  the  United  States 
Bureau  of  Mines,  showed  the  following  average  efficiencies: 

By-Product  Coke        Anthracite  Bituminous  Coal 

Heating  Efficiency....           68.1%  66.8%  52.2% 

B.t.u.  per  pound 11,756                    12,636  13,239 

Moisture 0.79%  4.11  %  2.23% 

Volatile 2.80  6.36  37.21 

Fixed  Carbon .  . , 79.27  77.97  52.10 

Ash 17.14  11.56  8.46 

In  addition  to  its  greater  heating  efficiency,  coke  is  a  clean, 
smokeless  fuel, requires  much  less  attention  when  burned,  and 
gives  a  uniform  heat  over  long  periods. 

During  recent  years,  increased  study  has  been  carried 
on  in  the  low-temperature  carbonization  of  coal,  i.e.,  its  des- 
tructive distillation  at  temperatures  below  750  to  800°  C. 
Below  this  temperature  the  volatile  products  are  tars,  oils  and 
some  fixed  gases;  but  at  higher  temperatures  the  volatile 
products  are  gases  only  resulting  mostly  from  secondary  re- 
actions. The  advantages  of  this  process  applied  to  bitumin- 
ous coals,  is  a  yield  of  liquid  fuel  of  20  to  30  gals,  per  ton  and 
a  smokeless  solid  fuel  of  greater  value  than  the  oil.  In  Eng- 
land many  prominent  scientific  experts  have  advocated  this 
system  of  carbonization  coupled  with  the  generation  of  elec- 
tricity as  the  best  road  to  true  fuel  economy. 

The  'Carbocoal'  process  developed  on  a  large  scale  at 
Irvington,  N.J.,  consists  in  the  low-temperature  (450-500°  C.) 
distillation  of  crushed  bituminous  coal  in  continuously  acting 
horizontal  retorts.  The  volatile  matter  of  the  coal  is  reduced 
from  say  35%  to  10%  and  the  resulting  semi-coke  which  is  soft 
and  porous,  is  ground  and  mixed  with  hard  pitch  and  then 
briquetted.  The  briquets  are  carbonized  at  1000°  C.  for  6 
hours,  in  inclined  by-product  retorts.  The  volatile  matter  is 
reduced  to  about  3%  and  the  final  product  is  a  hard,  uniform, 
smokeless  fuel  that  burns  more  freely  than  coke. 


COAL  PRODUCTS  AND  SUBSTITUTES 
By  J,  A.  Dawson. 

(Annual   Meeting  B.  C.  Division,  Vancouver,  February  1921) 

One  of  the  compensations  of  the  Great  War  has  been  the 
impetus  it  has  given  to  the  study  of  fuel  and  power  problems. 
The  results  of  a  number  of  important  researches  have  been 
reported  during  the  past  year  and  it  may  be  of  interest  to 
review  briefly  the  progress  made  in  fuel  products  from  coal 
and  other  natural  sources. 

The  Department  of  Scientific  and  Industrial  Research  of 
Great  Britain  have  published  a  monograph  on  "The  Constitu- 
tion of  Coal."  Wheeler  and  others  have  shown,  that  we  may 
regard  coal  as  composed  of  three  fractions,  alpha,  beta  and 
gamma.  The  alpha-portion  is  insoluble  in  pyridine;  the  beta- 
portion  is  soluble  in  pyridine  but  insoluble  in  chloroform;  and 
the  gamma-  or  resinic  portion  is  soluble  in  both  pyridine  and 
chloroform.  Following  this,  Illingworth  has  shown  that  the 
property  of  causing  cohesion  in  a  coke  from  coal  on  carboniza- 
tion, must  be  ascribed  solely  to  the  gamma-  or  resinic  portion. 
As  a  generalization,  53/^%isthe  minimum  amount  of  resinic 
matter  necessary  in  a  coal  for  the  formation  of  coke.  Re- 
sulting from  these  researches,  new  processes  for  the  improve- 
ment of  metallurgical  coke  have  been  developed  from  hereto- 
fore unsuitable  types  of  coals. 

The  production  of  by-product  coke  in  America  passed 
that  of  bee-hive  coke  over  two  years  ago.  By  improvements 
in  oven  construction,  such  as  the  use  of  silica  brick  in  place  of 
fire-clay  brick,  less  than  one-tenth  of  the  heating  value  of 
the  coal  is  used  in  producing  by-product  coke,  whereas  the 
bee-hive  oven  consumes  one-third  of  the  heating  value.  Silica 
brick  is  not  only  a  better  conductor  of  heat  than  fire-clay  brick 
but  it  is  also  not  so  easily  corroded  by  volatile  salts  such  as 
common  salt  occurring  in  coal.  It  has  been  also  demonstrated 
that  by  substituting  by-product  coke  for  bee-hive  coke  that 
from  100  to  300  pounds  of  coke  per  ton  of  pig  iron,  may  be 
saved.  In  England,  rapid  advances  are  being  made  in  the  use 
of  continuously  working  vertical  retorts,  the  introduction  of 
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The  average  yields  per  ton  compared  with  general  coke- 
oven  practice  are: 

Coke-Oven  Carbocoal 

Coke  or  Carbocoal 71%  68% 

Gas,  cu.  ft 11.000  9000 

Ammonium  sulphate,  lbs 19  20 

Light  oils,  gals 2.4  2.0 

Heavy  oils,  gals 2.3  15 

Pitch,  gals 4.8  none 

Of  the  carbocoal  by-products,  7000  cu.  ft.  of  gas  and  all  the 
pitch  are  used  up  in  the  process.  The  manufacture  of  this 
product  commenced  last  June,  now  uses  500  tons  of  raw  coal 
per  day. 

Results  have  recently  been  published  on  the  "Low-Tem- 
perature Distillation  of  Sub-Bituminous  Coal"  as  investi- 
gated at  the  University  of  Washington,  Seattle.  The  coal 
was  a  non-commercial  lignite  type  containing  12%  of  moisture 
and  10%  of  ash  from  Coal  Creek,  Newcastle,  Wash.,  having 
a  calorific  value  of  10,410  B.t.u.  per  lb.  At  350°  C,  the  max- 
imum yield  or  raw  oils  was  obtained,  being  70  lb.  per  ton,  con- 
sisting of  coal  tar  and  a  petroleum  Hke  oil  yielding  5.3  lb.  of 
paraffin  wax  per  ton  of  coal.  The  coke  obtained  up  to  500°  C. 
had  more  or  less  the  size  and  form  of  the  original  material. 
The  yield  of  coke  at  350°  C,  was  67 %o  having  a  calorific  value  of 
12,790  B.t.u.  per  lb.,  an  increase  of  22.8%  over  the  coal  as 
mined  and  14.7%  over  the  dry  coal.  The  ash  increased  from 
about  10%  to  20%. 

The  Canadian  Lignite  Utilization  Board  are  erecting  a 
plant  near  Bienfait,  Sask.,  to  treat  200  tons  per  day  of  raw 
lignite  from  the  Souris  area.  The  lignite  has  the  following 
analysis:  Moisture,  31.8%,  Volatile  28.9%,  Fixed  Carbon  34.1% 
Ash,  5.2%,  Calories  per  gram  4260.  Preliminary  research 
indicated  that  a  temperature  of  575^  C.  gave  a  product  with 
maximum  calorific  value.  The  yield  is  about  45%  of  the  raw 
lignite  or  on  the  dry  basis  66.7%o.  The  calorific  value  of  the 
final  product  is  75%  higher  than  that  of  the  raw  material,  being 
7455  calories  per  gram,  which  equals  that  of  average  anth- 
racite coal.  The  commercial  products  per  2000  lb.  of  lignite 
are,  3130  cu.  ft.  of  gas,  10.2  lb.  of  ammonium  sulphate,  5.3 
imp.  gals,  of  tar,  and  910  lb.  of  carbonized  residue.     The  gas 
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obtained  is  barely  sufficient  for  heat  required  for  drying  and 
carbonizing.  By  distilling  the  tar  at  325°  C,  a  quantity  ol 
pitch  representing  2.5  to  3%  of  the  carbonized  residue  is  ob- 
tained as  partial  binder  for  briquetting.  The  residue  resembles 
charcoal  rather  than  coke  and  will  require  at  least  11%  of 
pitch  for  briquetting.  Coal  tar  pitch  has  been  found  to  be 
the  most  economic  binder,  after  experimenting  with  various 
pitches,  flour,  starch,  clay,  water-glass,  cement  and  straw. 

The  carbonizer  retort  consists  essentially  of  a  strongly 
heated  plane  floor  of  carborundum  slabs  inclined  at  45o. 
The  lignite,  dried  to  15%  moisture,  is  pulverized  and 
fed  from  a  hopper  at  the  top  passing  under  a  succession  of  baffle 
plates  which  control  the  thickness  of  the  layer  and  act  as  stirrers. 
Gas  offtakes  are  provided  in  the  cover.  The  cost  of  the  raw 
lignite  at  the  mine  is  stated  to  be  $1.80.  As  to  the  selling  price 
of  the  product,  the  Advisory  Research  Council  Report  of  1920, 
states  that  the  figure  of  $7  per  ton  mentioned  in  their  1917 
Report,  is  to-day  extremely  unlikely.  The  completion  and 
operation  of  large  scale  plants  under  private  ownership  can 
alone  determine  the  selling  price  which  should  be  considerably 
less  than  $27  per  ton,  the  price  of  anthractic  coal  in  Regina 
last  summer. 

In  the  development  of  peat  for  fuel  purposes,  the  Peat 
Commission  have  estimated  a  production  during  1920,  of  20, 
000  tons  from  the  Alfred  bog  near  Ottawa.  This  is  to  be  market- 
ed in  Ottawa  and  Montreal  at  $3.50  per  ton  f.  o.  b.  Alfred. 

Of  local  interest  is  the  suggestion  from  British  Columbia 
Advisory  Research  Committee,  to  utilize  wood  waste  frcm 
lumber  mills  by  destructive  distillation  for  charcoal  as  fuel.  A 
careful  estimate  indicates  that  at  least  2,500  tons  of  wood  waste 
are  burned  in  incinerators  in  this  Province  every  day.  The 
cost  of  incinerators  ranges  from  $10,000  to  $60,000  besides  up- 
keep. If  wood  distillation  plants  were  substituted,  a  yield  of 
25%  of  charcoal  would  be  given  with  13,000  B.t.u.  per  lb.  and  less 
than  1%  of  ash  as  compared  with  soft  coal  with  only  11,000 
B.t.u.  per  lb.  and  10%)  to  25%  ash.  Besides  charcoal,  about 
30  gals,  per  ton  of  wood  oils  and  tar  yielding  3  to  5  gals,  of  tur- 
pentine could  be  recovered. 

The  subject  of  powered  coal  has  been  reviewed  in  an  ela- 
borate report  by  Harvey  on   "Pulverized  Coal  Systems  in 
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America."  The  conclusions  are  that  powdered  coal  is  more  effi- 
cient in  utilizing  a  greater  proportion  of  the  total  heat  value  of 
the  fuel  than  any  other  form,  and  hence  economies  in  fuel 
consumption  of  from  20  to  50%  can  be  effected  by  it;  that  al- 
most any  grade  of  fuel,  especially  low  grades  that  would  be  other 
wise  waste,  can  be  utilized  as  powder;  that  it  effects  a  great 
saving  in  labour;  and  that  as  its  combustion  is  complete,  its 
general  adoption  would  greatly  reduce  the  smoke  nuisance. 
Dealing  with  the  ash  presents  no  difficulties,  save  in  a  few  special 
cases  and  if  plants  are  suitably  designed,  there  is  no  danger  of 
explosion  or  of  spontaneous  combustion.  The  application  of 
powdered  fuel  to  metallurgical  processes  has  already  effected 
remarkable  economies,  notably  in  reverberatory  furnaces  for 
copper  smelting.  The  pulverization  of  coal  is  usually  carried 
to  a  minimum'  fineness  in  which  95%  will  pass  a  screen  of  100- 
mesh  and  85%  a  screen  of  200-mesh.  It  can  therefore  be  blown 
through  pipes  and  conduits  almost  like  a  liquid.  If  it  be  sus- 
pended in  a  liquid  such  as  fuel  oil,  it  can  be  utilized  in  any  oil 
burning  installation  without  alteration  of  the  plant.  The  main 
difficulty  in  such  a  combination  is  that  on  storage,  much  of  the 
solid  settles  to  the  bottom.  Constant  stirring  has  proved 
ineffectual  in  overcoming  this  disadvantage.  After  intensive 
research  the  problem  has  been  solved  by  producing  a  stable 
composite  which  has  been  designated  'Colloidal  Fuel'. 

In  April  1918  the  British  Admiralty  offered  a  reward  for  a 
"fuel  oil  suitable  for  admiralty  uses  made  by  admixture  of 
dehydrated  coal  tar  with  mineral  petroleum  oils."  Shortly 
alter  the  entrance  of  United  States  into  the  World  War,  about 
100  of  the  largest  shipping,  exporting  and  insurance  firms  in 
Canada,  England,  United  States  and  allied  countries,  formed 
the  Submarine  Defense  Association  with  offices  in  New  York 
city,  Mr.  L.  W.  Bates  being  Chairman  of  the  Engineering  Com- 
mittee. The  torpedoing  of  oil  tankers  was  bringing  about  a 
critical  shortage  of  navy  fuel.  The  British  Admiralty  sent 
over  drawings  of  the  boiler  installation  of  the  Queen  Elizabeth 
class  of  superdreadnoughts,  asking  whether  such  vessels  could  to 
advantage  burn  pulverized  coal.  Subsequent  demonstrations 
with  the  U.  S.  Navy  boat  Gem- made  it  clear  that  pulverized 
coal  could  be  used  but  it  required  about  twice  as  much  storage 
space  as  needed  for  oil  producing  equal  heats  unit,  thus  cutting 
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down  the  steaming  radius.  Attention  was  therefore  turned 
towards  solving  the  problem  of  combining  coal  and  oil  to  form 
a  stable  suspension.  Preliminary  experiments  carried  out  by 
chemists  at  the  Research  Laboratory  of  the  Eastman  Kodak 
Company,  at  Rochester,  on  this  work  had  yielded  promising 
results  and,  by  co-operative  research  in  the  field  of  colloidal 
chemistry,  a  variety  of  the  desired  stable  composites  was  deve- 
loped and  extended  to  large  scale  production. 

The  English  chemist  Graham  in  1850  first  applied  the  term 
'colloid'  to  substances  such  as  glue,  starch,  rubber,  etc.,  which 
do  not  readily  diffuse  through  a  membrane  as  opposed  to  'cry- 
stalloids' such  as  salt,  sugar  etc.,  which  diffuse  readily.  Many 
of  the  most  progressive  chemists  are  to-day  exploring  in  this 
important  field  and  this  is  leading  to  the  discovery  of  a  world  of 
new  phenomena.  The  term  'colloid'  is  now  applied  to  sub- 
stances in  such  a  fine  state  of  subdivision  that  the  size  ranges 
below  microscopic  but  above  molecular.  The  diameter  of 
particles  in  the  colloidal  state  has  been  estimated  to  be  less  than 
1/250,000  of  an  inch  and  greater  than  1/25,000,000  of  an  inch. 
The  gradation  according  to  mechanical  subdivision  may  be 
represented  as  below,  a  micron  being  1/1000  of  a  millimetre  or 
1/25,000  of  an  inch. 

Coarse  Colloids  Molecular 

Dispersoids  Dispersoids 

Diameters  greater  than  Diameters  between  0.1  Diameters  smaller  than 
0.1  micron,  do  not  pass  and  0.001  micron,  pass  0.001  micron,  pass  thru 
filter  paper,  can  be  re-  through  filter  paper,  filter  paper,  not  micro- 
solved  with  microscope  not  microscopically  re-  scopically  resolved,  di- 
up  to  2,000  magnifica-  solved,  do  not  dialyse  alysable  and  diffusable. 
tion.  or  diffuse. 

Suspensions  Suspensoids  True  Solutions 

Emulsions  Emulsoids 

By  the  application  of  principles  of  colloid  chemistry,  a 
number  of  substances  were  found,  that  fixed  the  suspension  of 
powdered  coal  in  fuel  oil  for  periods  varying  up  to  several 
months,  when  never  more  than  5%  of  the  solid  had  settled  out. 
These  substances  are  called  'fixateurs'  and  there  identity  was 
kept  secret  until  the  release  of  patents  last  September  when  it 
was  learned  that  they  are  various  soaps  of  lime,  aluminum  etc., 
fatty  acids,  tar,  or  sodium  silicate,  added  in  amounts  varying 
from  H  to  13^%. 


Coal  Products  and  Substitutes — Dawson       259 

In  the  manufacture  of  the  new  fuel  a  variety  of  carbona- 
ceous substances  and  liquid  hydrocarbons  may  be  used,  in  vary- 
ing proportions  to  give  a  fairly  mobile  liquid  or  a  thick  paste  or 
gel.  The  solid  materials  are  pulverized  to  the  same  fineness  as 
for  powdered  coal.  The  cost  of  manufacture  is  about  $1.50 
per  ton  inclusive  of  cost  of  fixateur.  The  composition  of  two 
typical  specimens  are  as  follows: 


Grade 

Coal 

Coal 

Fixateur 

Mexican 

Texas 

Pressure 

No. 

Tar 

Reduced 

Navy 

Still 

13 

30% 

none 

1.5% 

28.8% 

8.5% 

31.2% 

14  30  12%  1.2  none  6.8  50 

Usually  from  30  to  40%  of  coal  is  used  in  the  liquid  fuel  and  up 
to  75%  in  the  pastes  or  gels,  which  are  preheated  before  use. 
It  can  be  made  to  contain  more  heat  units  per  gallon  than  fuel 
oil,  thus  increasing  the  cruising  radius  of  ships  and  lessening  the 
storage  space.  It  is  hence  the  most  compact  fuel  known.  The 
following  figures  illustrate  this  point: 

One  gallon     [  35%  by  weight  of  pulverized  anthracite  of] 

of  Colloidal   j    density    1.6    and     14,000    B.t.u.    per    lb.  [■    165,000  B.t.u. 

fuel.  (  65%  oil  d.  0.96  and  18,200  B.t.u.  per  lb.     J 

One  gallon  of  fuel  oil 146,000  B.t.u. 

Tests  carried  out  by  the  U.S.  Navy  showed  the  following 
steam  producing  efficiencies:  Colloidal  fuel  91.5%,  Navy  oil 
(maximum)  79.4%,  pulverized  coal  72.6%.  It  was  also  found 
that  by  using  40%  pulverized  low  grade  anthracite  containing 
25%  ash,  a  fuel  was  obtained  that  although  of  less  B.t.u.  per  lb. 
than  fuel  oil,  yet  was  capable  of  giving  equal  or  higher  boiler 
efficiencies.  This  is  explained  by  the  improved  combustion 
brought  about  by  the  presence  of  atomized  coal  and  ash  par- 
ticles, and  also  by  the  increased  percentage  of  carbon  present 
and  corresponding  decrease  of  hydrogen,  there  is  less  heat  loss 
by  steam  formation.  Colloidal  fuel  will  sink  in  water  and  hence 
may  be  stored  under  a  water  seal,  and  accidental  fires  readily 
quenched  by  water.  There  is  no  danger  of  spontaneous  com- 
bustion and  being  vaporless  with  a  flash  point  of  over  200°  F., 
they  form  no  explosive  mixtures  with  air  at  normal  tempera- 
tures. The  patent  rights  are  in  the  name  of  Lindon  W.  Bates 
and  vested  in  a  company.  The  Standard  Oil  Company  of  New 
York  and  other  large  industrial  companies  have  installed 
equipment  to  manufacture  and  use  this  new  fuel. 
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Of  the  various  substitutes  for  coal  as  fuel,  none  approaches 
petroleum  oil  in  interest  and  importance.  Fuel  oil  has  the 
advantages  of  requiring  less  bunker  space,  fewer  firemen,  easier 
control,  and  it  costs  less  to  mine,  prepare,  and  transport.  Dur- 
ing the  war  thirty  million  tons  of  oil  were  moved  into  European 
waters  and  48%  of  the  power  used  by  the  British  Navy  was 
derived  from  petroleum,  the  fleet  averaging  seven  million  miles 
per  month. 

Sixty  years  ago  oil  was  first  struck  in  Pennsylvania,  Since 
then  United  States  has  produced  60%  of  the  oil  used  and  now  is 
consuming  more  than  the  home  production.  Officials  of  the 
U.S.  Geological  Survey,  estimate  that  the  U.S.  supply  will  be 
exhausted  in  about  16  years.  Great  Britain  almost  the  smallest 
producer,  has  been  the  first  to  see  in  advance  the  immense  im- 
portance of  petroleum  to  the  world's  industrial  future  and  has 
been  the  most  active  in  providing  for  that  future.  Sir  C.  Green- 
way,  presiding  at  the  meeting  of  the  Anglo-Persian  Oil  Company, 
on  Dec.  20th  last,  stated  there  was  no  ground  for  pessimism  in 
regard  to  future  supplies,  the  difficulty  was  to  open  up  new 
sources  in  a  sufficiently  short  time.  The  world's  production  of 
liquid  fuel  available  outside  the  countries  of  origin  was  about  10 
million  tons,  but  in  a  few  years'  time  this  could  be  increased  to 
50  millions.  It  is  also  stated  that  of  the  wells  sunk  in  Mexico, 
but  at  present  shut  down,  the  production  would  equal  half  the 
present  day  production  of  the  United  States,  and  the  ultimate 
expected  production  will  equal  if  not  surpass  that  ot  United 
States. 

Upon  reference  to  a  map  showing  the  locations  of  the  prin- 
cipal known  oilfields  of  the  world,  it  is  seen  that  these  are  cen- 
tralised in  United  States,  Mexico,  South  America,  and  in  the 
near  East.  That  large  fields  are  not  yet  known  to  exist  north 
of  50°  latitude  is  undoubtedly  due  to  lack  of  exploration  and 
drilling  rather  than  to  absence  of  oil  deposits.  Intensive  explor- 
ation for  oil  in  England,  commenced  about  two  years  ago,  has 
developed  a  small  well  in  Derbyshire  at  a  depth  of  3077  feet, 
yielding  about  50  barrels  per  week.  In  this  case,  Sir  Boverton 
Redwood's  predictions  have  been  better  substantiated  as  yet 
than  those  he  is  claimed  to  have  made  regarding  the  possibili- 
ties of  oil  occurring  in  the  vicinity  of  Vancouver.  Nature  has 
rewarded  our  local  optimism  so  far  only  with  data  for  the  spec- 
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ial  interest  of  the  geologist  and  the  'promoter'.  On  the  use- 
ful services  of  the  'oil  geologist',  I  cannot  do  better  than 
quote  George  Otis  Smith,  Director  of  the  U.S.  Geological  Sur- 
vey,— "The  geologist  has  lately  come  into  his  own  as  money  sav- 
er in  the  employ  of  oil  companies.  Where  it  cost  $8  to  $20  per 
foot  to  drill  a  well  and  the  oil  sands  are  3000  to  4500  feet  beneath 
the  surface,  the  expenses  attending  the  drilling  of  a  single  well 
is  something  to  be  considered  in  the  economy  of  business.  The 
geologist  simply  applies  his  science  to  the  problem  of  making  as 
many  wells  as  possible  successful  and  of  preventing  drilling 
where  oil  cannot  be  found.  Every  dry  hole  is,  in  the  last  anal- 
ysis, a  tax  on  the  consumer.  A  recent  study  of  the  results  of 
extensive  geologic  examinations  on  the  Osage  Indian  lands 
shows  conclusively  that  in  this  region,  which  rather  favors  the 
Government  geologist  in  his  effort  to  locate  oil,  his  geology  was 
right  87  per  cent  of  the  time,  when  tested  by  the  drill.  Busi- 
ness can  ask  of  science  no  better  percentage  of  success  than  that, 
and  the  money  and  labour  and  supplies  that  can  thus  be  saved 
to  the  nation  constitute  no  small  item." 

Having  given  the  geologist  his  due,  we  shall  give  the  'pro- 
motor'  his  due  by  quoting  further  from  the  same  authority. 
"One  of  the  leaks  in  the  nation's  task  of  finding  oil  is  nearer 
home  to  many  of  us.  The  stock  promotion  game  attracts  too 
many  dollars  to  no  useful  purpose.  It  has  been  stated  that 
two  years  ago  these  much  advertised  oil  companies,  with  more 
assets  on  paper  than  on  the  ground  or  under  the  ground,  were  to 
be  credited  with  a  very  small  fraction  of  one  per  cent  of  the  oil 
yield  of  Oklahoma;  indeed  the  issue  of  stock  certificates  reached 
the  point  where  for  every  }})555  of  ill-advised  investment  only 
one  dollar's  worth  of  oil  was  produced.  Thus  does  the  combin- 
ation of  unscrupulous  stock  peddler  and  ignorant  investor  undo 
much  that  the  conscientious  oil-producer  is  striving  to  accom- 
lish  in  getting  the  most  oil  out  of  the  ground  at  lowest  cost." 

The  recent  discovery  of  oil  at  Fort  Norman  by  the  Imperial 
Oil  Company  illustrates  the  value  of  our  Canadian  Geological 
Survey  and  of  the  trained  oil  geologists  who  chose  the  site  for 
drilling.  Let  us  trust  that  the  climate  and  the  Dominion 
Government  may  discourage  the  promoter's  improper  activities. 
With  producing  wells  in  southern  Alberta  and  the  new  Fort 
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Norman  well  near  the  Arctic  Circle,  we  look  forward  with  con- 
fident optimism  to  the  discovery  of  large  petroleum  deposits  in 
Western  Canada  as  a  domestic  source  of  power  for  the  develop- 
ment of  our  vast  agricultural  lands,  our  growing  industries,  and 
the  maintenance  of  our  new  Navy  on  the  Pacific. 

The  Dominion  Government  has  had  its  attention  recently 
directed  to  the  importance  of  our  oil  shale  deposits  by  an  Eng- 
lish firm  of  capitalists,  who  were  considering  the  establishment 
of  an  oil  shale  industry  in  Canada.  No  action  has  been  taken 
as  yet  owing  to  the  lack  of  information  as  to  the  geological  ex- 
tent and  chemical  composition  of  these  deposits.  Notice  re- 
cently appeared  of  the  organization  of  a  company  to  develop 
the  rich  oil  shales  on  Graham  island  on  our  northern  British 
Columbia  coast.  The  shale  oil  industry  in  Scotland  is  over  70 
years  old  and  is  still  flourishing.  The  Scotch  shales  average 
only  about  25  gallons  of  oil  to  the  ton,  yet  the  principal  operat- 
ing companies  competing  with  the  petroleum  industry  pay 
annual  dividends  averaging  18  per  cent. 

The  total  production  of  petroleum  in  United  States  up  to 
1918  has  been  about  414  billion  barrels  and  the  reserve  in  the 
ground  is  calculated  to  be  about  7  billion  barrels.  It  is  esti- 
mated that  the  oil  in  the  shale-ranges  of  Colorado  alone  amounts 
to  20  billion  barrels  and  in  Utah  an  equal  quantity  is  avail- 
able. The  Colorado  and  Utah  shales  average  from  30  to  50 
gallons  of  oil  per  ton.  Immense  deposits  of  lower  grade  shales 
occur  in  the  middle  and  eastern  states.  To  develop  this 
source  of  oil  on  a  scale  comparable  to  present  oil  output  would 
require  an  industrial  organization  greater  than  that  of  the  entire 
coal  mining  industry  so  that  the  oil  shale  industry  in  North 
America  still  remains  in  a  potential  experimental  stage. 

Up  to  the  present  no  economic  substitutes  for  gasoline  have 
been  developed  on  a  large  scale.  In  France,  Germany,  and  more 
recently  in  South  Africa,  mixtures  of  alcohol  with  ether  or 
benzene  (  benzol)  have  been  employed.  Since  the  close  of  the 
war  there  has  been  a  surplus  of  crude  benzol,  (benzene,  toluene, 
and  xylene),  from  by-product  coke  plants,  which  has  been  sold 
as  motor  fuel.  Benzol  from  the  Anyox  by-prcduct  plant  is  be- 
ing sold  in  Vancouver,  and  the  Steel  Company  of  Canada  is 
now  producing  4,000  gallons  per  day.  It  has  been  estimated 
that  if  all  the  coke  used  in  United  States  were  manufactured  in 
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by-product  ovens,  the  amount  of  benzene  recoverable  would 
be  only  about  10%  of  the  annual  consumption  of  gasoline. 
Benzene  is  superior  to  gasoline  as  a  motor  fuel  as  demonstrated 
by  a  dynamometer  test  by  the  Automobile  Club  of  America,  90% 
benzene  showing  12.3%  less  fuel  consumption  than  gasoline. 
At  the  same  time  the  horse  power  was  increased  depending  on 
the  speed.  At  2,000  r.p.m.  this  was  19.4%  greater,  and  the 
higher  ignition  point  of  benzene  also  eliminated  knocking. 

The  future  of  alcohol  as  motor  fuel  is  problematical.  By 
some  it  is  predicted  that  it  will  be  the  chief  motor  fuel  in  two 
or  three  decades.  The  high  price  of  petrol  in  Great  Britain  to- 
day is  leading  to  alcohol  as  a  substitute,  and  the  British  Re- 
search Council  are  investigating  the  most  economic  methods  and 
sources  of  its  production.  The  Canadian  Industrial  Alcohol 
Company  is  producing  alcohol  from  molasses,  but,  owing  to  the 
high  excise  duties  imposed  by  the  Government,  it  could  not 
possibly  compete  with  gasoline  at  present  prices. 

The  use  of  coal  gas  for  heating  and  power  purposes  is 
steadily  increasing.  The  British  Fuel  Research  Board  after 
thorough  investigations,  have  demonstrated  that  it  is  more 
economical  to  carbonize  or  gasify  coal  and  burn  the  resulting 
coke  and  gas  under  boilers  than  to  use  the  coal  for  direct  firing 
with  steam  turbines.  An  important  recommendation  made  by 
the  same  Board  has  recently  been  adopted  in  England,  name- 
ly, the  sale  of  fuel  gas  on  the  basis  of  its  calorific  value. 
Canadian  gas  consumers  would  undoubtedly  welcome  the  estab- 
lishment of  this  regulation  by  the  Dominion  Government. 
Improvements  in  the  manufacture  of  coal  gas  consist  in  super- 
heated steaming  and  the  use  of  revolving  grates  in  plants  for 
the  complete  gasification  of  coal,  lignite  etc.  Continuous  pro- 
cesses for  the  extraction  of  benzene  from  coal  gas  and  of  gasoline 
from  natural  gas  have  been  improved  by  the  use  of  charcoal  as 
absorbent.  As  regards  natural  gas  the  supply  is  rapidly  becom- 
ing exhausted  at  most  of  the  fields  supplying  Canadian  and 
United  States  cities.  It  is  estimated  that  two-thirds  of  the  gas 
is  wasted  by  carelessness  and  bad  practice  in  heating.  Indica- 
tions at  Medicine  Hat  and  at  Bow  Island  supplying  Calgary, 
point  to  a  diminishing  supply.  The  gas  from  the  Bow  Island 
field  contains  6.3%  of  helium  and  is  the  only  large  supply 
known  in  the  British  Empire.    At  present  one  million  cubic 
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feet  per  month  of  this  rare  element  invaluable  for  dirigible  air 
ships,   is  going  to  waste. 

Much  attention  is  now  being  given  to  fuel  conservation. 
FYom  practical  tests  made  for  the  ventilation  of  the  new  vehi- 
cular tunnel  under  the  Hudson  river  at  New  York,  it  was  found 
that  from  20%  to  30%  of  gasoline  is  wasted  by  incomplete  com- 
bustion. This  is  due  to  faulty  adjustment  and  design  of  car- 
buretors, and  engineers  are  now  working  on  the  development  of 
a  fool-proof  carburetor  that  will  be  automatically  adjusted  to 
changes  of  temperature,  speed,  and  road  conditions.  Other  prob- 
lems of  fuel  conservations  under  consideration  are  the  central- 
ization of  power  development,  super-power  stations,  utiliza- 
tion of  waste  chimney  heat,  building  of  by-product  recovery 
coke  plants  and  the  electrification  of  railroads  and  industries. 
The  Chicago,  Milwaukee  and  St.  Paul  Railway  report  on  the 
electrified  portion  of  its  system  in  Montana  and  Washington 
40%  lower  cost  on  the  one  item  of  train  locomotive  power  cost 
as  against  locomotive  fuel  used,  the  savings  amount  to  53%, 
not  taking  into  account  the  cost  of  fuel  haul.  The  Committee 
on  the  electrification  of  United  States  steam  railroads  has  esti- 
mated that  by  universal  electrification  a  direct  saving  of  1223^ 
million  tons  per  annum  of  coal,  being  two-thirds  of  the  pre- 
sent railway  fuel  consumption,  would  result.  High  cost  of 
installation  and  difficulties  of  financing  prevent  progress  in  this 
desirable  development  at  present.  In  Sweeden  a  large  paper 
mill  was  recently  rebuilt  with  7  electric  boilers  each  of  3,000 
horsepower  using  current  at  10,000  volts  without  stepping 
down.  Full  steam  pressure  can  be  raised  in  from  5  to  10  min- 
utes and  steam  generation  can  be  rapidly  regulated  within  5%. 
This  plant  formerly  used  20,000  tons  of  coal  per  annum.  In 
Italy  heat  from  volcanoes  is  being  used  to  generate  steam  and 
electric  power.  In  England  it  is  proposed  to  use  tidal  eleva- 
tion of  water  to  develop  hydro-electric  power  on  the  Manchester 
Ship  Canal.  The  possibility  has  also  been  discussed  by  Eng- 
lish engineers  of  sinking  a  deep  shaft  to  develop  power  from  the 
internal  heat  of  the  earth. 

The  energy  liberated  from  the  combination  of  the  free 
oxygen  of  the  air  with  the  carbon  and  hydrogen  complexly  com- 
bined in  wood,  coal,  petroleum  and  natural  gas,  still  remains 
our  chief  source  for  generating  power  by  the  steam  engine.     If 
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air  containing  even  one  or  two  more  per  cent  of  oxygen  could 
be  economically  produced,  it  is  calculated  that  much  higher 
efficiencies  would  be  obtained  especially  in  many  metallurgical 
processes. 

Many  of  the  world's  greatest  scientists  are  now  devoting 
their  talents  to  unearth  a  new  'prime  mover'.  The  study  of 
radiochemistry  has  shown  that  tremendous  stores  of  energy  are 
locked  up  in  atomic  combinations.  The  secret  of  releasing  this 
energy  on  a  large  scale  remains  to  be  found.  Realizing  the 
value  of  research  in  this  field,  an  international  movement  was 
recently  inaugurated  to  commemorate  the  centenary  of  the 
death  in  1819  of  James  Watt,  by  endowing  a  Professorship  of 
Engineering  to  be  known  as  the  James  Watt  Chair  at  the  Uni- 
versity of  Birmingham,  England,  for  the  promotion  of  research 
in  the  fundamental  principles  underlying  the  production  of 
power  and  for  the  study  of  the  conservation  of  the  natural 
sources  of  energy.  If  James  Watt  were  alive  today,  his  best 
energies  would  undoubtedly  be  given  in  the  endeavor  to  solve 
such  problems  for  the  benefit  of  mankind.  No  other  source 
of  energy  has  yet  been  tapped  to  compete  with  the  steam  engine, 
which  has  had  a  greater  effect  in  the  evolution  of  our  modern 
life  than  any  other  single  influence.  There  is  the  growing  con- 
viction among  scientists  that  this  new  source  of  energy  will  be 
discovered  very  soon.  It  will  not  be  a  happy  chance  discovery, 
but  like  Watt's  invention  will  result  from  the  endeavors  of 
those  profound  thinkers  and  workers  who  arrive  at  correct 
results  by  close  and  patient  reasoning. 


STANDARDIZATION    OF  AIR-DRYING  OF  COAL 

AND 
SIGNIFICANCE  OF  COAL  ANALYSES. 

By  Edgar  Stansfield. 

Western   General    Meeting,    Edmonton,   September,    1921 

This  paper  was  planned  to  include  the  results  on  some 
experiments  on  the  air-drying  of  coal.  Unfortunately  the 
work  in  question  had  to  be  postponed  and  the  paper  necessarily 
became  theoretical,  rather  than  practical,  and  wider  in  scope. 
It  outlines  the  necessity  for  research  in  air-drying,  the  methods 
proposed,  and  the  results  hoped  for.  The  general  significance 
of  coal  analyses  is  also  discussed. 

Many  people  study  and  employ  analyses  of  coal;  a  compa- 
ratively small  number  can,  themselves,  analyse  a  sample  of 
coal;  and  the  number  of  those  who  appreciate  the  limits  of 
accuracy  of  such  analysis  and  their  true  significance  is  probably 
even  more  limited.  The  taking  of  the  sample  does  not  come 
within  the  scope  of  this  paper ;  let  us  assume  that  operation  is 
reasonably  accurate.  It  should  be  emphasized,  however  that 
the  sample  is  not  stable,  and  that  it  cannot  be  ground  or  stored 
without  change.  It  will  on  the  contrary  lose  or  gain  water, 
according  to  the  atmospheric  conditions,  with  ease  and  rapidity, 
and  it  will  slowly  oxidize  or  weather. 

In  general  the  first  thing  the  chemist  has  to  do  is  to  air- 
dry  his  sample.  He  does  this  for  three  reasons:  first,  because 
a  wet  sample  does  not  grind  satisfactorily;  second,  because  an 
air-dried  sample  does  not  undergo  further  moisture  change 
during  analysis  as  rapidly  as  a  raw  sample;  and  third,  because 
the  determination  of  the  moisture  content  of  the  air-dry  coal 
gives  considerable  information  as  to  the  nature  of  the  coal. 

No  accuracy  of  air-drying  is  required  for  the  first  of  these 
reasons.  All  that  matters  is  that  the  coal  shall  grind.  For 
the  second,  the  closer  the  coal  com.es  to  an  equilibrium  with 
the  conditions  as  they  happen  to  be  at  the  time  in  the  labor- 
atory, the  better  it  is.  This  can  be  fairly  well  achieved  by 
exposing  the  crushed  coal  in  thin  layers  to  the  air  in  the  labor- 
atory for  a  couple  of  days,  and  noting  the  loss  of  weight. 
Air-drying  for  the  third  object  is  quite  a  dififerent  matter.     If 
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the  results  are  to  be  of  full  value,  the  method  employed  must 
be  so  standardized  that  the  results  obtained  by  one  chemist  are 
comparable  with  those  obtained  by  other  chemists.  Such 
standardization  has  not  yet  been  carried  out.  It  is  noteworthy 
that  coal  dried  to  standardized  conditions  may  often  be  far 
from  in  equilibrium  with  the  air  in  the  laboratory.  In  other 
words  it  is  not  possible  to  satisfy  both  conditions  simultaneous- 
ly, so  that,  for  accurate  work,  it  may  be  well  to  air-dry  one 
portion  in  the  laboratory  for  the  regular  analyses,  and  to  air- 
dry  another  portion  to  the  standardized  conditions  in  order 
that  the  moisture-holding  properties  of  the  coal  can  be  determ- 
ined. The  analyses  obtained  of  the  first  portion  can  then  be 
recalculated  to  the  standardized  air-dried  moisture  content. 

This  seems  an  opportune  opening  for  a  digression  on  such 
matters  as  vapor  pressure,  relative  humidity,  and  the  way  water 
is  held  in  coal.  All  know,  of  course,  that  at  any  definite  temper- 
ature there  is  a  definite  vapor  pressure  that  water  can  exert. 
In  other  words,  water  in  contact  with  any  gas  space  will  evapor- 
ate until  the  water  vapor  in  that  space  exerts  a  definite  vapor 
pressure  corresponding  to  the  temperature  of  the  system.  Or, 
on  the  other  hand,  if  the  vapor  pressure  exceeds  that  limut 
water  will  condense  until  the  limit  value  only  is  present.  The 
pressure  of  the  air  or  other  gas  in  that  space  has  no  influence  on 
the  quantity  of  water  it  holds  per  unit  volum^e.  The  quantity 
of  water  vapor  in  the  air  can  be  stated  in  terms  of  weight  per 
volume,  (for  example,  grains  per  cubic  foot)  or  in  terms  of  vapor 
pressure  -Tor  example,millimeters  of  mercury),  or  more  comm.on- 
ly,  and  generally  more  conveniently,  in  terms  of  what  is  known 
as  relative  humidity  —  that  is,  the  moisture  content  is  stated 
as  a  percentage  of  what  it  would  be  if  the  air  were  saturated, 
or  contained  the  limit  amount  for  that  temperature. 

Water  in  coal  exerts  a  vapor  pressure,  but  not  necessarily 
the  same  vapor  pressure  as  if  the  water  were  free.  The  moist- 
ure content  of  coal  can  be  stated  in  different  ways :  as  a  percent- 
age by  weight  of  water  in  the  coal ;  as  the  vapor  pressure  exerted 
at  some  definite  temperature;  or  as  the  percentage  which  this 
vapor  pressure  is  of  the  vapor  pressure  of  pure  water  at  the 
same  temperature.  We  might  call  this  last  the  relative  humid- 
ity of  coal,  and  it  is  a  convenient  value,  like  that  of  the  relative 
humidity  of  air.    Note  that  throughout  this  paper  the  phrase 
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'vapor  pressure  of  coal'  is  used  in  a  limited  sense  to  signify  the 
vapor  pressure  exerted  by  the  water  in  the  coal. 

A  sample  of  water-saturated  coal  exerts  a  vapor  pressure 
equal  to  the  vapor  pressure  of  water  at  the  same  temperature, 
or  it  has  a  relative  humidity  of  100%.  This  indicates  that  some 
of  the  water  is  free  and  not  held  in  any  way  by  the  coal.  As 
water  evaporates  from  the  sample,  a  point  is  reached  when  the 
vapor  pressure  of  that  which  remains  becomes  less  than  that 
of  free  water,  or  the  relative  humidity  of  the  coal  is  less  than 
100%.  All  the  water  still  remaining  at  this  limit  point  is  there- 
fore definitely  held,  although  much  of  it  weakly  held,  by  the 
coal.  With  one  coal  the  water  left  at  this  point  may  be  over 
30%,  with  another  under  3%;  and  this  percentage  is  a  good 
guide  to  the  nature  of  the  coal.  Some  name  is  required  for 
this  limit  point.  It  might  be  called  the  'saturation  point'  of  the 
coal.  As  water  gradually  continues  to  evaporate  from  the 
sample,  the  vapor  pressure  of  that  remaining,  according  to 
our  present  information,  falls  slowly  and  regularly,  and,  pre- 
sumably, ultimately  becomes  zero  only  when  all  the  water  has 
evaporated.  In  other  words  the  less  water  a  coal  contains, 
the  more  stubbornly  that  water  is  retained. 

When  a  current  of  air  of  say  75%  humidity  is  passed  over 
coal,  there  is  a  limit  to  the  amount  of  water  it  can  extract 
from  the  coal.  After  a  time,  though  possibly  a  long  time, 
the  coal  and  the  air  attain  equilibrium.  If  the  air  current  is 
changed  then  to,  say,  50%  humidity,  a  further  reduction  of 
the  moisture  content  of  the  coal  takes  place,  and  a  new  equili- 
brium will  be  ultimately  established.  Only  by  the  prolonged 
passage  of  absolutely  dry  air  can  the  moisture  in  the  coal  be 
completely   removed. 

It  should  be  noted  that  the  change  of  vapor  pressure  of 
the  coal  with  temperature  is  not  necessarily  the  sam.e  as  the 
corresponding  change  of  vapor  pressure  of  water  with  temper- 
ature. Thus  a  sample  of  coal  in  equilibrium  with  air  at  50% 
humidity  at,  say  20  degrees  C,  probably  will  not  be  exactly 
in  equilibrium  with  air  of  the  same  humidity  at  30  degrees  C. 
In  standardized  air-drying,  therefore,  not  only  the  relative 
humidity  but  also  the  temperature  at  which  that  is  obtained 
should  be  stated  for  accurate  definition. 
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Coal  analyses  are  commonly  reported  as  on  coal  'as  receiv- 
ed', 'air-dried',  or  'dry'  —  terms  which  are  apt  to  be  misleading. 
One  mine  can  be  sampled  carefully  according  to  regulation 
methods.  The  working  faces  sampled  may  happen  to  be  dry 
or  they  may  be  dripping  wet  at  the  time,  but  in  either  case  the 
final  sample  is  sealed  in  an  air-tight  container  and  sent  to  an 
analyst  who  reports  the  moisture  found  as  in  coal  'as  received.' 
An  adjacent  mine  may  be  sampled  carelessly,  and  the  sample 
wrapped  in  paper  or  put  in  a  canvas  bag  or  wooden  box,  and 
possibly  left  about  in  a  heated  office,  so  that  by  the  time  it 
reaches  the  analyst  it  may  have  lost  a  notable  percentage  of 
its  moisture.  Again,  however,  the  moisture  found  in  the  coal 
is  reported  as  moisture  'as  received',  and  the  public  may  be  urged 
to  buy  the  latter  coal  on  account  of  its  lower  water  content. 
Possibly,  even,  the  latter  sample  consists  of  hand-picked, 
clean  limips  and  the  misrepresentation  is  worse.  The  chemist, 
much  to  his  disgust,  is  therefore  made  a  party  to  a  deception, 
and  'Buyer  Beware'  is  the  only  rule.  This  is  a  digression  from 
the  subject  of  the  paper,  but  it  is  a  matter  on  which  the  writer 
feels  rather  strongly. 

The  report  of  moisture  'as  received'  in  the  sample  taken 
from  a  wet  face,  or  taken  from  a  pile  or  open  car  after  rain,  is  no 
more  a  correct  guide  to  the  nature  of  the  coal  than  is  the 
analysis  of  the  sample  partially  air-dried  in  transit.  Yet  to 
the  chemist  these  are  equally  samples  'as  received'.  Similarly 
the  term  'air-dried'  has  been  shown  to  be  vague. 

Would  it  not  be  much  better  that  in  every  case  the  moist- 
ure content  of  the  sample  should  be  reported  as  the  moist- 
ure content  when  the  coal  has  been  brought  to  a  definite 
relative  humidity,  and  that  the  terms  'as  received'  and 
'air-dried'  be  abandoned?  The  100%  humidity  point,  that 
is  the  saturation  point  referred  to  above,  would  seem  most 
suited  to  replace  the  old  'as  received'  condition,  but,  as 
the  difficulty  of  regulation  to  this  point  would  be  considerable, 
coal  of  say  95%  humidity  might  be  taken  as  standard. 
Instead  of  the  old  'air-dried'  condition,  the  coal  should  be 
dried  to  that  relative  humidity  which  corresponds  to  the 
average  atmospheric  condition  throughout  the  year.  For 
this  a  60%  humidity  is  tentatively  suggested.  The  temper- 
ature of  the  coal  must  also  be  specified,  and  30  or  35  degrees  C. 
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is  suggested,  not  only  because  this  conforms  to  a  fairly  prevalent 
practice  at  present,  but  also  because  a  reasonably  close  approx- 
imation to  equilibrium  can  be  reached  more  rapidly  at  higher 
temperatures  than  at  ordinary  room  temperatures.  The  stand- 
ardization, or  definition,  of  'dry'  coal  (or  coal  of  no  humidity) 
does  not  require  to  be  changed.  If  such  a  system  as  this 
could  be  generally  adopted,  coal  analyses  would  become  more 
uniform  and  more  valuable. 

The  practical  point  now  arises  as  to  whether  such  a  stand- 
ardized method  could  be  readily  adopted  in  all  laboratories. 
The  coal  would  have  to  be  dried  in  a  current  of  air,  or,  better, 
of  some  neutral  gas,  which  had  the  desired  humidity.  The 
humidity  of  a  gas  can  be  fairly  readily  regulated  by  passing  it 
through  a  solution  of  a  definite,  specified  strength,  by  saturating 
it  at  one  pressure  and  then  expanding  it  to  the  correct  amount, 
or  by  saturating  it  at  one  temperature  and  then  heating  it  to 
a  suitable  higher  temperature.  For  several  reasons  the  last 
method  seems  best.  An  apparatus  has  therefore  been  con- 
structed by  which  saturated  air  can  be  sent  through  a  long  cop- 
per coil  immersed  in  a  bath  at  a  suitable  low  temperature, 
through  a  similar  coil  heated  to  the  desired  upper  temperature, 
and  then  over  the  coal  and  through  a  circulating  pump  which 
sends  it  back  to  the  cooler  coil,  where  it  will  deposit  the  moisture 
it  took  from  the  coal;  and  so  on  round  the  circuit.  The  appa- 
ratus is  nearly  completed,  and  results  should  scon  be  obtained 
with  it.  It  is  proposed  first  to  ascertain  whether  an  approxi- 
mate equilibrium  can  be  obtained  in  a  reasonably  short  time, 
and  then  to  collect  data  showing  the  relations  between  the 
moisture  contents  and  the  relative  humidities  of  different  coals. 
The  need  for  standardization  of  air-drying  needs  little  elabor- 
ation. Thus,  in  General  Order  No.  107,  issued  by  the  Board  of 
Railway  Commissioners  for  Canada  in  1907,  Clause  7  states: 
"  No  such  railway  company  shall  burn  lignite  coal  on  its  loco- 
motive engines  as  fuel  for  transportation  purposes,  unless 
otherwise  ordered  by  the  Board  —  lignite  coal  consisting  of 
and  including  all  varieties  of  coal  between  peat  and  bituminous, 
with  a  carbon-hydrogen  ratio  of  11.2  or  less,  such  ratio  being 
based  on  analysis  of  air-dried  coal."  No  definition  is  given  of 
what  is  meant  by  'air-dried  coal'.  This  leaves  the  clause  distinct- 
ly vague,  as  a  small  change  in  the  nature  of  air-drying  of  a 
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high  moisture  coal  may  cause  a  notable  change  in  the  carbon- 
hydrogen  ratio. 

Moreover  systematic  determinations  of  the  moisture  con- 
tent of  Canadian  coals  after  standardized  air-drying  is  an  almost 
essential  preliminary  to  a  satisfactory  classification  of  such 
coals.  Chemists  are  sometimes  asked  to  define  lignites,  etc., 
but  if  such  definitions  are  to  become  generally  adopted,  they 
must  be  drawn  up  by  chemists,  geologists,  fuel  controllers,  and 
fuel  engineers  in  collaboration.  It  appears  certain  that  any 
classification  which  satisfactorily  includes  the  high-moisture 
coals  of  the  West  must  be  based  to  a  certain  extent  on  the 
moisture-holding  properties  of  the  coal,  and  it  must  be  recog- 
nized that  at  present  our  exact  knowledge  of  such  properties 
is  too  limited. 

Writers  on  powdered  coal  show  marked  disagreement  as  to 
the  percentage  of  water  permissible  in  coal  for  use  in  such  form. 
It  appears  probable  that  the  decisive  factor  is  not  the  absolute 
percentage  of  water  in  the  coal,  but  rather  the  relative  humidity. 
A  coal  which  contains  30%  water  at  the  saturation  point 
might  be  very  dry  and  easily  powdered  and  handled  when  it 
contains  10%  water,  whilst  a  coal  which  contains  only  3%  at 
the  saturation  point  might  require  to  be  dried  to  1%  before  use. 
Standardized  air-drying  should  indicate  the  permissible  moisture 
content  of  any  coal  for  use  as  powdered  fuel. 

Some  of  the  Wider  Aspects  of  Coal  Analyses 

Coal  analyses  are  classified  as  proximate  and  ultimate. 
'Approximate'  is  a  good  term  to  designate  such  determinations 
as  that  of  volatile  matter,  but  nevertheless  the  nature  of  such 
analyses  does  not  appear  to  be  fully  realized.  Moisture,  ash, 
volatile  matter,  and  fixed  carbon  are  not  definite  chemical 
or  physical  entities  in  the  coal.  The  percentages  reported  by 
a  chemist  merely  represent  the  results  obtained  when  the 
sample  was  treated  in  a  certain  empirical  manner .  I  f  a  deviation 
is  made  from  the  standard  method  of  carrying  out  any  deter- 
mination, a  different  result  is  obtained.  The  modified  method 
may  in  a  sense  be  as  accurate  as-  the  standard  method,  but 
the  result  obtained  is  no  longer  comparable  with  the  results  of 
other  chemists. 
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Water  may  be  held  in  coal  on  the  surface,  in  solution,  or 
in  loose  combination  in  hydrates  or  as  water  of  crystallization, 
etc.  In  addition,  coals  contain  many  organic  substances  of 
widely  varying  stability  which  more  or  less  readily  undergo 
decomposition,  giving  off  water.  No  one  can  say  how  much 
actual  water  any  coal  contains,  as,  long  before  all  the  water  of 
hydration  or  of  crystallization  (for  example)  has  been  driven 
off,  some  water  of  decomposition  is  formed  and  also  escapes. 
The  quantity  of  water  given  off  from  any  coal  when  heated  is 
a  factor  not  only  of  the  temperature,  but  also  of  the  time. 
Moreover  if  air  has  access  to  the  coal,  more  moisture  will  be 
formed  slowly  by  oxidation  of  the  coal  substance  —  in  fact  it 
is  never  strictly  accurate  to  say  that  any  coal  is  absolutely  dry. 

This,  incidentally,  is  unfortunate  from  the  scientific  view- 
point, but  all  that  really  matters  from  the  commercial  aspect 
is  the  knowledge  that  the  coal  in  question,  treated  in  a  certain 
standard  manner,  loses  a  certain  percentage  of  its  weight,  this 
loss  being  known  as  its  moisture  content.  Coal  may  be  dried 
in  a  tray  on  a  radiator  or  on  a  boiler,  and  a  certain  loss  in  weight 
found,  but  this  is  often  very  far  from  the  correct  moisture 
content  as  determined  by  the  standard  method.  It  is  in- 
teresting to  note  that  the  more  carefully  the  moisture  determin- 
ation is  carried  out,  the  higher  the  result  is  likely  to  be,  and, 
incidentally,  the  less  the  coal  operator  will  like  it. 

Ash,  also,  is  an  empirical  determination.  The  percentage 
reported  does  not  represent  the  mineral  matter  originally  pre- 
sent in  the  coal.  It  represents,  rather,  the  percentage  residue 
left  when  the  coal  is  burned  under  standard  conditions.  The 
original  mineral  matter  in  general  undergoes  chemical  changes 
when  the  coal  is  burned;  and  the  nature  and  extent  of  these 
changes  depend  on  the  manner  in  which  the  coal  is  burned  and 
the  temperature  to  which  it  is  heated.  Thus,  when  iron  pyrites 
in  the  coal  is  burned,  the  sulphur  from  it,  in  varying  proportions, 
may  form  sulphates  with  the  bases  present  or  may  escape  as 
sulphur  dioxide.  Carbonates  are  partially  or  wholly  converted 
into  oxides  according  to  the  temperature  and  the  time  of  heat- 
ing; and,  similarly,  various  chemical  changes  may  occur  with 
other  mineral  constituents  of  the  coal. 

As  before,  however,  all  that  really  matters  from  the  com- 
mercial aspect  is  the  knowledge  that  when  a  coal  is  burned 
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under  standard  conditions  a  certain  percentage  of  its  weight 
is  left  behind,  and  this  residue  is  termed  ash.  We  often  say  a 
coal  contains  a  certain  percentage  of  ash.  It  would  be  more 
accurate  to  say  it  gives  that  percentage  of  ash. 

Volatile  matter  is  another  empirical  determination.  The 
loss  in  weight  when  a  coal  is  strongly  heated  in  absence  of  air 
varies  to  a  marked  extent  with  the  temperature,  as  a  coal  will 
continue  to  lose  weight  up  to  a  very  high  temperature.  It 
also  varies,  though  to  a  lesser  extent,  with  the  time  during  which 
it  is  subjected  to  any  temperature,  and,  unless  great  care  is 
taken,  the  coal  will  also  lose  weight,  during  treatment,  by 
oxidation  as  well  as  by  loss  of  volatile  matter.  A  reasonable 
agreement  can  be  obtained  between  the  results  of  different 
chemists  if,  and  only  if,  they  carefully  follow  standard  practice. 

Fixed  carbon,  the  remaining  value  of  a  proximate  analysis, 
is  determined  by  subtracting  the  sum  of  the  other  percentages 
from  100.  This  value,  therefore,  must  be  affected  by  the  errors 
in  all  the  other  determinations.  The  name  itself  is  somewhat 
unfortunate,  as  the  fixed  carbon,  so  called,  is  not  strictly  carbon. 
It  contains  hydrogen,  oxygen,  nitrogen,  sulphur,  etc.,  as  well 
as  carbon.  It  is  more  truly  the  calculated  percentage  of  ash- 
free  coke. 

An  ultimate  analysis  is  far  more  exact  than  those  so  far 
described,  as  it  represents,  in  the  main,  determinations  of  actual 
chemical  entities  in  the  coal.  Thus,  carbon,  hydrogen,  nitrogen, 
and  sulphur  can  be  determined  with  reasonable  exactitude, 
although  the  analysis  does  not  show,  forexample.how  much  of  the 
carbon  and  hydrogen  came  from  the  organic  matter  of  the  coal 
and  how  much  from  the  carbonates  and  hydrates  of  the  mineral 
matter.  As  the  determination  of  ash  also  figures  in  the  ultimate 
analysis,  the  above  remarks  on  this  determination  apply  here 
also.  Then  as  oxygen  is  calculated  by  subtracting  the  sum  of  the 
other  percentages  from  100,  the  reported  value  may  differ  notably 
from  the  actual  weight  of  oxygen  present  in  the  original  coal. 
A  more  exact  value  can  be  obtained  by  replacing  the  determined 
ash  percentage  by  the  estimated  percentage  of  the  original  min- 
eral constituent  of  the  coal,  but  this  is  seldom  done.  After 
what  has  been  said  on  the  analysis  of  coal,  the  absurdity  of 
reporting  results  to  the  one  hundredth  of  one  per  cent  must  be 
evident.     In  fact,  such  reports  appear  to  indicate  either  an 
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attempt  to  give  an  unwarranted  impression  of  accuracy  or  a 
failure  to  appreciate  the  limitations  of  the  methods  employed. 

Determinations  of  calorific  value  can  be  made  with  reason- 
able accuracy.  It  should  be  understood,  however,  that  the 
value  generally  reported  in  this  country  is  the  gross  calorific 
value,  whereas  the  net  value  more  truly  represents  the  commer- 
cial valuation  of  the  fuel.  The  net  value  would  doubtless  be 
adopted  if  it  were  not  necessary  to  make  the  difficult  and  te- 
dious determination  of  the  hydrogen  in  the  coal  in  order  to 
calculate  the  net  value  from  the  gross  or  higher  value  determined 
in  the  laboratory. 

Determinations  of  the  melting  point  of  an  ash  are  often  far 
from  a  true  guide  to  the  clinkering  properties  of  the  coal.  It 
is  hard  to  make  a  satisfactory  definition  of  the  melting  point. 
Thus,  one  ash  may  show  little  change  when  heated  up  to  a 
certain  temperature,  and  then  it  may  suddenly  and  completely 
fuse.  Another  ash  may  begin  to  soften  at  one  temperature 
and  then  only  gradually  grow  softer  with  increasing  tempera- 
ture. The  behaviour  of  an  ash  also  varies  with  the  oxidizing  or 
reducing  nature  of  the  atmosphere  in  which  it  is  heated. 

There  are  two  points  in  connection  with  the  work  on  fuels 
now  in  progress  in  Alberta  on  which  discussion  would  be  valu- 
able. The  first  of  these  is  as  to  the  relative  merits  of  working- 
face  samples  and  of  shipping  samples  to  represent  the  quality 
of  any  mine.  In  many  ways  shipping  samples  would  seem 
best,  but  it  is  hard  to  get  true  average  samples  of  this  type. 
The  second  point  is  as  to  publication  of  analyses.  Analyses 
of  many  different  samples  from  the  same  mine  have  been  pub- 
lished in  the  past.  Some  of  these  are  of  samples  taken  and 
analyzed  by  standard  methods,  others  are  not,  and  there  is 
little  to  distinguish  them.  The  coal  operator  quotes  the  best 
analysis,  his  competitors  the  worst,  and  the  consumer  takes 
what  he  can  get.  It  is  suggested  that  an  average  analysis 
should  be  published  for  each  mine,  representing  the  mean  of 
all  recent  reliable  analyses,  and  that  this  analysis  should  be 
revised  annually  if  analyses  made  during  the  year  show  such 
revision  to  be  desirable.  This  will  cut  down  publication,  and  will 
give  a  standard  analysis  for  each  mine  which  will,  as  far  as  care 
and  modern  knowledge  can  make  it,  be  comparable  with  the 
standard  analyses  for  other  mines. 
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In  conclusion,  this  paper  attempts  to  show  that  coal  analy- 
ses are  strictly  comparable  and  accurate  within  reasonable 
limits  when,  and  only  when,  standard  procedure  is  followed. 
Also,  that  further  standardization  is  desirable,  as  well  as  the 
determination  and  compilation  of  further  information  with 
regard  to  our  coals,  more  particularly  as  to  their  water-holding 
properties. 


Discussion. 


Mr.  Pitcher:  Mr.  Stansfield's  very  interesting  paper 
opens  up  quite  a  large  field  for  discussion.  His  plea  for  uni- 
formity of  methods  of  making  analyses  will  appeal  to  anyone 
who  has  ever  purchased  coal.  We  know  we  can  get  analyses 
and  all  sorts  of  data,  that  will  vary  enormously  on  coal  from  the 
same  mine;  and  Mr.  Stansfield  has  made  out  a  rather  poor 
case  for  the  average  chemist.  He  tells  us  we  cannot  rely  on 
the  moisture,  the  volatile  matter,  that  fixed  carbon  is  only  guess 
work,  but  that  the  B.T.U.  results  are  fairly  reliable.  I  do  not 
think,  under  these  conditions,  the  average  analysis  would  give 
very  much  information  on  our  coal.  But  he  has  very  ably 
pointed  out  that  it  does  not  matter  so  very  much  how  these 
analyses  vary  with  each  other  if  the  chemists  would  only 
adopt  a  uniform  method;  in  other  words,  that  the  buying  of 
coal  on  analyses  would  be  simply  buying  on  comparative  re- 
sults of  analyses  made  under  the  same  method.  He  points  out 
that  if,  under  certain  conditions,  you  analysed  a  sample  of  coal 
and  found  the  moisture  to  be  30 '^:c  and,  under  the  same  condi- 
tions, you  analysed  a  sample  and  found  it  was  209f,  these 
would  be  comparative.  I  know  of  a  case  where  a  sample  of 
coal  from  St.  Albert  mine  was  sent  to  Ottawa  and  showed  23% 
moisture  and  at  the  same  time  a  quarter  of  the  same  sample 
was  sent  to  Montreal  and  shewed  but  12%  moisture,  and  they 
are  both  labelled  'as  received';  the  12  %  sample  had  been  re- 
tained in  the  office  for  some  time  and  air-dried,  although  they 
did  not  intentionally  do  that. 

Mr.  Norman  Eraser:  There  is  certainly  need  of  stan- 
dardization of  methods  of  coal  analyses.  Both  when  mining 
and  in  the  selling  of  coal,  I  have  known  of  cases  where  two 
coals  from  practically  the  same  portions  of  one  field  have  been 
sold  under  very  misleading  analysis;  one  will  show  a  result 
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that  would  indicate  a  high-quality  coal,  while  the  other  one, 
from  the  same  seam,  shows  the  sample  to  be  of  inferior  quality, 
and  when  it  comes  to  selling  those  two  products  on  those  anal- 
ysis, it  makes  very  unfair  competition.  I  would  like  to  see 
some  method  established  at  the  University  here  whereby  anal- 
yses could  be  made  by  which  results  would  be  comparable. 
Such  a  provision  would  be  of  great  benefit  to  the  mining  indus- 
try in  Alberta.  In  reference  to  the  suggestion  of  making  each 
year  an  analysis  of  coal  for  every  mine  in  the  province  and 
publishing  the  results,  the  adoption  of  a  standardized  method 
would  be  imperative  in  the  interests  of  both  producers  and 
consumers. 

Mr.  W.  Shaw  :  There  is  one  point  we  would  all  be  inter- 
ested to  know  from  Mr.  Stansfield,  that  is,  what  temperature 
he  would  advise  for  the  air-drying  of  coal.  It  would  seem 
necessary  to  know  this  so  that  we  would  have  a  standardized 
method  of  analysis  of  all  coals.  Unless  the  same  temperature 
was  employed  in  air-drying  two  chemists  would  get  widely 
different  results  from  the  same  coal. 

Another  point:  We  all  know  more  or  less  as  to  what  is, 
or  what  we  call,  the  standardized  method  of  taking  coal  sam- 
ples from  mines  in  Alberta.  I  suppose  the  result  of  such  ana- 
lysis of  coal  is  for  the  guidance  and  protection  of  the  consumer. 
If  that  is  so  then,  the  samples  should  be  taken  as  nearly  as 
possible  in  the  same  state  as  the  coal  is  delivered  to  the  consu- 
mer. At  present  that  is  not  done.  We  take  the  coal  samples  in  the 
mine,  that  is  from  the  coal  faces  in  different  parts  of  the  mine, 
according  to  the  output  of  the  mine.  The  channel  is  cut  from 
the  roof  to  the  floor,  mixed  and  quartered  down,  then  hermet- 
ically sealed  and  sent  to  the  University  for  analysis.  Now  the 
coal  is  got  in  the  mine  by  the  miner,  it  is  loaded  in  open  mine 
cars,  sent  out  and  is  evaporating  or  absorbing  moisture  from  the 
time  it  leaves  the  coal  face  until  it  gets  to  the  consumer;  so  that 
under  our  present  method  of  taking  coal  samples  and  making 
analysis  it  is  not  a  true  guide  to  the  consumer  as  to  the  product 
which  he  is  buying.  If  we  are  going  to  standardize  the  making 
of  analyses  of  coal,  there  are  several  things  that  will  have  to  be 
taken  into  consideration  that  have  not  been  taken  into  consider- 
ation up  to  the  present  time,  and  one  of  them  is  to  approximate 
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the  sample  for  analysis  as  nearly  as  possible  to  the  condition 
of  the  coal  that  is  used  by  the  consumer. 

Prof.  Fearnsides: —  I  am  connected  with  the  University 
of  Sheffield.  Near  us  there  are  the  Doncaster  Beds,  ranging 
from  400  yeards  to  900  yards  in  depth,  where  the  coal  in  the 
mine  has  a  low  moisture  content  —  perhaps  two  to  three  per 
cent  —  but  the  coal,  when  exposed,  especially  when  in  a  fine 
state  of  division,  does  not  do  as  the  last  speaker  mentioned, 
lose  weight  in  being  delivered  to  the  consumer,  but  actually 
gains  weight,  and  with  gain  of  weight  the  temperature  rises 
and,  if  not  controlled,  gives  rise  to  spontaneous  combustion. 
If  we  are  to  have  coal  dried  at  the  suggested  temperature  of 
30  degrees  C.  we  would  get  rapid  absorption  of  oxygen.  That 
absorbtion  is  rapid  at  30  degrees  C,  and  almost  infinitely 
rapid  at  about  60  degrees  to  90  degrees  C.  It  is  well  known 
that  a  load  of  this  particular  coal,  put  into  a  truck,  notwith- 
standing all  the  shaking  that  a  truck  meets  on  a  journey,  actual- 
ly arrives  weighing  heavier  than  at  the  start. 

Not  very  long  ago  there  was  a  law-suit  about  short  weights 
having  been  delivered.  Fresh  coal  was  usually  shipped,  and 
the  shipper  was  in  the  habit  of  granting  himself  what  we  might 
call  a  discount  in  weight  to  allow  for  the  anticipated  gain  in 
weight  during  shipment.  He  failed  to  remember  that  in  coal 
taken  from  a  stock-pile  he  had  already  received  his  discount, 
and  that  with  such  coal  no  change,  or  possibly  even  a  slight 
loss  in  weight  would  take  place  during  shipment.  Hence  the 
law-suit. 

I  think  that  Mr.  Stansfield  will  agree  that  a  necessary  refine- 
ment during  drying  will  be  a  neutral  atmosphere,  probably 
of  nitrogen.  With  a  self-contained  circulating  system  such  as 
he  described  that  would  be  quite  possible.  I  think  that  it  will 
be  to  the  advantage  both  of  consumers  and  of  producers  to 
find  they  have  an  arbiter  to  whom  they  may  send  any  sample 
in  which  they  are  interested,  to  get  a  standard  analysis. 

Mr.  Thos.  Rouse. —  I  have  listened  with  a  great  deal 
of  interest  to  Mr.  Stansfield's  remarks  and  was  particularly 
struck  with  that  portion  where  he  spoke  of  the  difficulty  of 
defining  what  was  'dry  coal'.  Probably  some  of  you  do  not 
know  that  the  question,  what  is  coal  ?  has  been  not  determined. 
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Some  seventy  years  ago,  a  Scotch  farmer  took  a  lease  of  a  piece 
of  ground  and  on  this  ground  he  found  he  had  got  a  seam  of 
coal  and  he  began  to  excavate  it.  The  coal  he  was  excavating 
was  quite  in  accordance  with  the  terms  and  conditions  of  his 
lease,  but  his  landlord,  the  proprietor  of  the  ground,  assumed 
the  coal  he  was  taking  out  was  not  the  coal  of  commerce,  in 
other  words  the  farmer  had  discovered  a  seam  of  cannel  coal 
which  differs  from  ordinary  coal  by  the  abundance  and  richness 
of  its  volatile  contents:  therefore,  he  tried  to  restrain  his 
tenant  from  taking  out  this  mineral  and  in  due  time  the  case 
came  on  for  trial.  On  the  farmer's  side  were  all  the  scientists, 
geologists,  and  chemists,  colliery  proprietors  and  workers  he 
could  get  at  the  time,  and  on  the  other  side  - —  so  far  as  money 
could  supply  —  were  geologists  and  chemists,  and  experts  also. 
The  geologists  and  chemists  on  one  side  said  the  coal  was  not 
coal,  that  the  combination  of  oxygen  and  nitrogen  differed 
from  that  of  pure  coal.  On  the  other  side,  the  witnesses 
testified  that  it  was  coal  —  that  the  combination  of  nitrogen 
and  oxygen  in  the  substance  was  the  same  as  in  ordinary  coal. 
This  expert  evidence  went  on  for  two  days  and  it  is  very  inter- 
esting to  read.  The  judge  is  summing  up  said,  he  did  not  feel 
himself  qualified  to  determine  as  to  what  was  coal  and  what 
was  not  coal.  That  he  had  heard  eminent  men  on  one  side 
and  equally  eminent  men  on  the  other  side,  and  he  would  leave 
it  to  the  jury.  The  jury  came  to  the  conclusion  that  whatever 
else  it  was,  it  was  commercial  coal.  The  matter  was  not  taken 
to  the  Court  of  Appeal  so  that  the  question  of  what  is  coal 
has  not  yet  been  really  determined  in  England. 

Mr.  Stansfield: —  I  have  not  much  to  say  in  reply, 
except  that  I  have  listened  with  interest  to  this  discussion,  and 
much  appreciate  the  kind  remarks  Dr.  Dowling  and  others 
have  made.  I  quite  agree,  of  course,  with  what  one  speaker 
said,  that  if  we  are  to  publish  only  a  single  analysis  from  each 
mine,  we  must  be  very  sure  that  it  is  accurate,  and  made  accord- 
ing to  standardized  methods.  I  can  assure  him  that  we  will 
do  the  best  we  can  and  that  we  will  give  each  analysis  careful 
reconsideration  every  year,  and,  if  necessary,  revise  it  so  that 
it  will  not  at  any  time  be  out  of  date. 

With  reference  to  the  temperature  of  air-drying,  I  suggest- 
ed 30  degrees  C.  as  in  agreement  with  present  standards,  but 
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the  question  of  temperature  is  not  the  whole  thing,  there  is 
also  the  question  of  relative  humidity.  Professor  Fearnsides 
stated  some  coals  oxidize  with  notable  rapidity  at  this  temper- 
ature. In  my  paper  I  had  the  phrase:  "a  current  of  air,  or 
better,  some  neutral  gas."  I  was  thinking  of  carbon  dioxide 
rather  than  of  nitrogen,  but  if  coal  gas  can  be  used  instead  of 
either  of  these,  it  would  be  simpler  for  most  of  us. 

Mr.  Shaw  raises  an  important  point  about  the  sample 
not  representing  the  coal  as  delivered  to  the  customer.  He 
assumes  that  the  coal  would  dry  out  on  the  way  to  the  customer, 
but  we  have  rain  in  this  country.  Some  coals  travels  in  open 
cars,  or  it  may  be  exposed  to  rain  during  storage  and  delivery 
by  the  dealer,  so  that  the  moisture  may  go  up  instead.  The 
alteration  in  the  coal  will  be  different  in  dry  and  in  wet  seasons, 
and  such  alteration  is  impossible  to  forecast.  My  suggestion 
is,  that  if  analyses  show  the  moisture  content  with  95%  and 
with  60%  relative  humidity,  the  consumer  knows  that  the  coal 
is  likely  to  come  from  the  mine  with  approximately  the  higher 
percentage  of  moisture,  and  that  the  coal  as  weighed  for  delivery 
to  him  should  not  contain  more  than  this  percentage  and  is 
most  unlikely  to  contain  less  than  the  lower  figure.  If  anyone 
has  any  better  suggestion  to  make,  I  hope  he  will  do  so. 
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LONGWALL  MINING  OPERATIONS 
In  Jubilee  Lower  Seam,  Sydney  Mines,  N.S. 
By  John  Murphy 

(Annual  Meeting  Mining  Society  of  Nova  Scotia,  Halifax,  April,  1921.) 

The  Jubilee  lower  seam  varies  in  thickness  from  two  feet 
to  four  feet  six  inches,  and  has  a  sandstone  roof  and  a  fairly  hard 
bottom.  The  primary  workings  were  carefully  carried  out  with 
the  object  of  winning  the  coal  by  the  longwall  method,  and  as 
soon  as  they  had  advanced  a  sufficient  distance  from  the  shaft 
pillar  to  warrant  security,  longwall  operations  were  commenced. 

It  was  at  first  decided  to  leave  a  90- ft.  high  level  pillar  for 
the  purpose  of  protecting  the  levels  and  maintaining  the  air 
course,  but  this  scheme  was  later  abandoned;  the  pillar  was 
taken  out,  and  the  longwall  method  adopted  throughout.  The 
accompanying  plan  shows  the  change  referred  to. 

On  the  north  side  of  the  mine,  the  direction  of  the  levels  is 
N.  17'  W.  Headways  are  driven  S.  83°  15'  W.,  and  longwall  is 
formed  so  as  to  follow  a  S.  59°  W.  course.  Thus  the  lower  end 
of  the  wall  is  in  advance  of  the  upper  gateways,  and  this  allows 
the  forming  of  new  headways  to  cut  off  other  gateways  as  they 
proceed,  thereby  eliminating  the  up-keep  of  long  gateways  arid 
also  the  necessity  for  what  is  turned  back  brushing  . 

The  gateways  are  laid  off  at  thirty  foot  centres,  and  are 
formed  off  by  building  pack-walls  4  to  6  feet  wide,  the  gate- 
way itself  being  8  feet  wide  and  brushed  to  give  an  average  height 
of  6  feet.  All  the  stone  obtained  in  the  latter  operations  is  used  in 
the  building  of  pack-walls,  but  when  there  is  not  a  sufficient 
supply  for  this  purpose,  wood  pack-walls  are  substituted. 

Lights  are  carried  along  the  centre  of  the  gateways,  and 
each  set  of  miners  has  30  feet  of  face,  18  feet  on  the  high  side, 
and  12  feet  on  the  low  side,  of  the  centre  line.  The  miners  thus 
have  the  grade  in  their  favour,  the  bulk  of  the  coal  going  down- 
hill. 

The  miners  clean  out  their  30- ft.  section  of  face  and  do  all 
necessary  timbering.  Brushers  follow  the  miners;  they  brush 
along  the  gateway  to  give  a  height  of  6  feet,  remove  all  stone 
and  build  pack-walls  on  each  side  of  the  gateway,  and  also  draw 
any  timber  that  may  be  in  the  Hne  of  the  pack-walls. 
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The  levels  are  kept  ten  feet  wide  between  pack-walls,  thus 
providing  for  future  haulage  roads.  The  pack-wall  on  the  low 
side  of  the  level  is  built  about  12  feet  wide,  to  provide  a  cushion 
breaking  strata.  So  far,  however,  no  serious  break  has  occurr- 
ed, although  the  gateways  in  this  section  have  advanced  four 
hundred  feet;  the  roof  is  gradually  settling  down  on  the  pack- 
walls. 

A  sandstone  roof  and  a  slowly  advancing  face  are  condi- 
tions which  tend  to  make  the  working  of  longwall  a  success. 
Stone  from  such  a  roof  is  especially  well  suited  for  pack  build- 
ing; and,  by  a  slow  advance,  the  roof  is  given  time  to  settle 
gradually,  and  there  is  less  danger  of  having  a  sudden  break,  as 
might  well  happen  if  the  advance  were  too  rapid. 

The  subsidence  in  this  sections  amounts,  at  the  present 
time,  to  from  eight  to  ten  inches. 

The  same  precautions  regarding  security  of  distance  from 
the  shaft,etc,were  taken  in  starting  the  South  side  of  the  mine, 
as  on  the  north  side.  Three  headways  were  commenced,  using 
the  Sullivan  C.  E.  7  shortwall  machine,  the  plans  being  20  feet 
wide  with  50  feet  pillar.  These  headways  were  really  prepar- 
ing face  for  longwall.  At  present  there  is  a  face  of  500  feet 
opened,  and  headways  are  advancing  S.  TS**  W.  The  levels 
and  gateways  have  a  S.  17°  E  direction,  and  longwall  follows  a 
course  S.  89°  W.  As  on  the  north  side,  here  also  the  angle  on 
which  the  face  is  worked  eliminates  long  gateways  and  the 
necessity  for  back  brushing.  As  regards  the  size  of  pack-walls, 
the  amount  of  brushing,  and  the  size  of  the  gateways,  this  side 
is  similar  in  every  respect  to  the  north  side,  as  conditions  here 
seem  to  warrant  the  adoption  of  the  same  methods. 

Method  of  Undercutting 

At  present,  undercutting  is  done  by  a  Sullivan  bar  machine 
of  the  C.  H.  8  type.  This  machine  is  electrically  driven,  having 
a  30  h.  p.  A.  C.  60  cycle  motor.  The  cutter  bar  is  4  feet  6  in., 
and  has  22-inch  by  Yi  inch  picks,  alternately  pick  point 
and  chisel  point.  Where  cutting  is  hard,  the  chisel  point  tends 
to  keep  the  cutter  bar  down  and  prevents  the  machine  from  ris- 
ing, thus  keeping  the  bottom  regular. 

Shooters  and  loaders  follow  this  machine,  and  as  each  gate- 
way is  cleaned  out  they  follow  up  to  the  next  place  that  is  ready, 
and  so  continue  until  the  top  gateway  has  been  reached. 
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As  soon  as  the  machine  has  cut  the  total  Hne  of  face,  it  is 
moved  back  to  the  level,  and  proceeds  along  the  face  again,  in 
the  same  direction  as  in  the  previous  operation.  This  machine 
has  been  known  to  cut  420  feet  of  face  a  depth  of  4  ft.  6  in.  in  9 
hours  in  this  mine. 

Power  Transmission 

At  the  shaft  bottom  there  is  a  transformer  house,  from 
which  250,000  c.  m.  cable  is  carried  along  the  main  level  to  a 
convenient  point  near  the  face.  At  this  point  60,000  c.  m. 
cable  is  attached  to  it.  Switchboxes  are  installed  every  600 
feet  on  the  headway,  and  from  this  trailing  cable,  300  feet  long, 
is  connected  in  order  to  allow  of  a  cut  of  300  feet  in  either  direc- 
tion. 

Haulage 

The  present  system  is  practically  all  loose  haulage;  but  it  is 
safe  to  say  that,  when  the  workings  are  opened  out  and  opera- 
tions are  conducted  on  a  more  extensive  scale,  storage  battery 
locomotives  will  be  used  for  gathering,  and  in  some  cases  also 
for  main  haulage  purposes.  The  latter  system  of  haulage  has 
been  in  successful  operation  in  the  upper  seam  for  the  past  two 
years,  and  it  is  upon  the  results  of  this  trial  that  the  estimates 
for  future  operations  in  the  lower  seam  have  been  based. 

It  may  seem  beside  the  point,  but  nevertheless  it  is  a  fact, 
that  the  amount  of  brushing  necessary  would  be  reduced  by 
substituting  locomotives  for  the  haulage. 

Ventilation 
On  the  north  side  of  the  course  ventilation  is  along  the 
low  level  to  the  lower  end  of  the  longwall  face,  and  thence  along 
the  line  of  face  to  the  up-cast  shaft.  On  the  south  side  the 
course  is  along  the  high  level,  thence  up  the  headway,  and  re- 
turning along  the  longwall  face.  Very  little  difficulty  is  exper- 
ienced in  carrying  this  current,  as  the  pack-walls  do  not  pei- 
mit  much  leakage.  Little  or  no  gas  has  been  found  in  the  pre- 
sent workings  since  the  beginning  of  longwall,  but,  previous  to 
its  inception,  gas  was  often  encountered.  This  freedom  from 
gas  collecting  may  be  attributed  to  the  current  of  air  sweeping 
the  longwall  face  at  all  times,  since  the  quantity  of  air  entering 
the  mine  at  present  is  just  the  same  as  formerly  entered  the  old 
workings. 


NOTES  ON  MINING  IN  SUBMARINE  AREAS  AT 
PRINCESS  COLLIERY  SYDNEY  MINES. 

By  Alexander  S.  Mc  Neil 

(Annual  Meeting,  Mining  Society  of  Nova  Scotia,  April,    1921) 

It  is  proposed  here  to  present  some  of  the  important 
features  connected  with  the  mining  of  undersea  coal  from  the 
famous  main  seam  in  Princess  colHery  at  Sydney  Mines  with 
the  object  of  inviting  a  discussion  thereon. 

By  way  of  preface,  an  outhne  of  the  history  of  mining  in  the 
locality  is  given.  In  the  year  1825,  Messrs  Rundall,  Bridge  and 
Rundall,  of  London,  organized  a  company  called  the  General 
Mining  Association,  Ltd.,  which  acquired  the  coal  mining 
rights  in  the  Province  of  Nova  Scotia,  from  the  Duke  of  York, 
the  latter  holding  a  lease  for  sixty  years  by  the  Royal  preroga- 
tive of  George  the  Fourth.  In  1826,  the  above  lease  was 
executed,  and  Mr.  Richard  Brown,  an  eminent  mining  en- 
gineer and  geologist,  came  to  Cape  Breton  as  manager  for  the 
General  Mining  Association.  In  1827,  the  General  Mining 
Association,  Ltd.,  took  formal  possession  of  the  property  grant- 
ed to  the  Duke  of  York,  and  from  this  time  forward  coal  min- 
ing has  been  carried  on  uninterruptedly  at  Sydney  Mines. 

The  first  shaft  was  sunk  in  1830  at  what  is  known  as 
the  Yard  Pit.  It  was  200  feet  deep.  The  second  shaft, 
was  sunk  in  1834,  and  was  320  feet  deep.  In  1838, 
the  coal  from  what  was  then,  and  is  now,  known  as  the  "Old 
Sydney  Seam"  was  for  the  first  time  used  for  bunkering 
purposes,  and  its  good  name  was  fully  established  and  univer- 
sally acknowledged  both  at  home  and  abroad.  In  1849,  the 
Crown  released  to  the  Government  of  Nova  Scotia  all  its  inter- 
ests in  the  minerals  of  the  Province.  In  1854,  the  third  shaft, 
known  as  the  Queen  Pit,  was  sunk  on  the  Old  Sydney  main 
seam.  This  shaft  is  about  400  feet  deep.  In  1857,  the  Gen- 
eral Mining  Association  surrendered  their  claim  to  all  mines 
and  minerals  except  coal  within  certain  defined  limits,  thus 
terminating  the  Duke  of  York's  lease.  In  1864,  Mr.  Richard 
Brown  retired  and  was  succeeded  by  his  son,  Richard  H. 
Brown,  lately  deceased.  The  son  was  a  worthy  successor  of 
his  father  and  continued  to  manage  the  affairs  of  the  General 
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Mining  Association  and  their  successors,  the  Nova  Scotia  Steel 
and  Coal  Company,  Ltd.,  at  Sydney  Mines,  up  to  the  year  1901. 
In  1868,  the  sinking  of  the  famous  'New  Winning'  or  'Prin- 
cess' was  begun.  This  pit  is  also  on  the  Old  Sydney  main 
seam,  and  was  not  completed  until  1876.  The  coal  was  en- 
countered at  a  depth  of  680  feet.  The  sinking  of  this  famous 
shaft,  with  its  attendant  difficulties,  formed  the  subject  of  an 
interesting  paper  read  before  this  Society  some  years  ago  by 
the  late  R.  H.  Brown. 

It  is  to  be  noted  here  that  all  the  above  mentioned  opera- 
tions by  the  General  Mining  Association  were  confined  to  what 
may  be  described  as  the  peninsula  between  Big  Pond  on  the 
north  and  Sydney  Harbor  on  the  south ;  a  comparatively  limit- 
ed area. 

The  Princess  pit  was  located  as  near  the  coast  line  at 
Cranberry  Head  as  possible,  for  all  the  land  area  overlying  the 
main  seam  in  this  district  was  included  in  the  workings  allotted 
to  the  previous  sinkings.  The  New  Winning  or  Princess  was  to 
be  the  outlet  for  the  submarine  lease  of  four  square  miles  taken 
out  by  the  General  Mining  Association  in  1858,  extending  one 
mile  southerly  into  Sydney  Harbor  from  Chapel  point  and  two 
miles  directly  out  to  sea,  in  a  northeasterly  direction,  and  hav- 
ing an  outside  boundary  parallel  to,  and  two  miles  from  the 
coast  line.  In  1886,  this  submarine  lease  was  further  extended 
parallel  to  the  coast  line  in  a  north-westerly  direction,  making 
a  total  outside  boundary  of  three  miles  in  length  and  coming 
ashore  at  Little  Pond,  making  in  all  about  four  square  miles  of 
submarine  territory.  The  underground  projection  for  the  new 
mine  included  two  main  haulage  ways  or  angle  deeps,  one  on 
the  north,  and  the  other  on  the  south,  evidently  at  a  minimum 
angle  of  dip  to  ensure  the  operation  of  a  plain  rope  haulage. 
Later,  at  a  point  2,000  feet  from  the  pit  bottom  on  the  south 
angle  deep,  another  deep  was  begun  on  or  about  the  pitch,  to 
win  the  coal  at  the  lower  levels,  as  the  distance  between  the 
angle  deeps  was  increasing  rapidly  and  the  haul  on  the  win 
'between'  level  was  becoming  too  great. 

The  underground  operations  of  the  Nova  Scotia  Steel  and 
Coal  Company,  from  the  time  they  took  over  the  holdings 
in  Sydney  Mines  in  1901,  followed  along  the  lines  adopted  by 
the  General   Mining  Association  until  about  the  year  1910, 
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when  all  deep  workings  were  practically  against  the  east  boun- 
dary of  the  property  thus  necessitating  the  requisition  for  this 
colliery  of  additional  territory  ahead.  In  1912  a  sub- lease  was 
granted  the  Nova  Scotia  and  Coal  Company,  from  the  Dominion 
Coal  Company's  adjoining  holdings.  This  sub-lease  contains  two 
square  miles  and  is  one  mile  in  width.  It  extends  eastwardly 
two  miles,  where  it  in  turn  is  bounded  by  outside  leases  held 
by  the  Nova  Scotia  Steel  and  Coal  Company.  On  the  acquisi- 
tion of  this  sub-lease,  a  new  haulage-way  was  projected  from  the 
shaft  through  the  old  workings  into  the  outside  territory  in  a 
direction  best  suited  to  take  the  coal  from  the  sub-lease,  and  at 
the  same  time  enter  the  Company's  own  outer  holdings  at  a  de- 
sirable point.  This  new  haulage-way  was  completed  to  the  bar- 
rier in  1915.  It  is  6  ft.  x  10  ft.  inside  the  timbering  and 
perfectly  straight  to  the  face,  which  is  today  12,000  feet  from 
the  pit  bottom. 

The  foregoing  indicates  the  extent  of  operations  by  the 
General  Mining  Association  in  the  famous  Sydney  main  seam 
in  the  original  holdings  on  land  and  under  the  old  submarine 
lease.  Future  operations,  therefore,  will  be  confined  to  coal 
lying  not  nearer  than  two  miles  from  the  shore.  With  the  in- 
creasing distance,  new  difficulties  arise,  of  which  the  cost  of  pro- 
duction is  not  the  least,  to  tax  the  ingenuity  of  those  responsi- 
ble for  the  colliery's  life. 

In  mining  'under  land'  the  method  adopted  by  the  General 
Mining  Association  was  room  and  pillar.  Rooms  were  about 
18  feet  wide,  and  the  pillars  were  30  feet.  This  proportion  of 
room  to  pillar  did  not  vary  to  any  great  extent. 

In  the  new  pit,  the  workings  were  laid  out  with  40  feet 
pillars  and  16  feet  rooms.  This  proportion  was  held  for  a  dis- 
tance of  2,000  feet  from  the  pit  bottom.  The  cover  at  this 
point  was  about  760  feet.  It  appears  that  the  increase  in 
the  size  of  pillars  from  30  feet  to  40  feet  was  intended  to  pro- 
vide for  the  additional  weight  consequent  of  the  increase  in 
cover,  but  evidently  no  difficulty  of  any  kind  was  experienced, 
and  eventually  the  provision  30-ft.  pillars  and  16-ft.  rooms  was 
resumed  and  maintained  for  another  700  feet  to  the  dip.  At 
this  point  the  size  of  the  pillar  was  suddenly  increased  to  60 
feet  the  rooms  as  before  being  16  feet,  doubtless  in  the  belief 
that  the  indications  of  the  'coming  up'  of  the  bottom,  and  the 
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development  of  other  troubles  were  attributable  to  the  smaller 
pillar  in  the  section.  The  change  from  pillars  of  30  feet  to  pil- 
lars of  60  feet  was  made  at  a  point  about  2,700  feet  from  the  pit 
bottom,  the  cover  here  being  about  830  feet.  From  this  point 
to  the  outside  boundary  or  to  a  point  about  7,000  feet  from  the 
shaft,  60-ft.  pillars  and  18-ft.  rooms  were  maintained. 

Long  prior  to  this  time,  pillar  extraction  was  commenced 
by  the  General  Mining  Association,  at  about  the  800-ft.  'cover 
line',  and  a  considerable  section  of  the  south  side  was  left  in 
bad  condition,  owing  to  pillars  having  been  drawn  too  near 
their  haulage  and  travelling  roads.  The  effect  of  this  is  still 
evident,  and  at  many  places  on  the  working  deeps  men  are  con- 
stantly employed  retimbering  and  taking  up  bottom.  Evi- 
dence of  'crush'  are  visible  in  many  localities  on  the  new  main 
haulage-way  through  the  old  workings,  and  the  consequent 
necessary  upkeep  of  roads  is  a  large  item  in  cost. 

The  new  development  from  the  old  barrier  into  outside 
territory  is  carried  on  by  four  deeps,  driving  in  Hne  with  the 
new  main  haulage  way,  which  is  approximately  on  the  pitch. 
These  deeps  are  10  feet  wide  inside  the  timbering;  pillars,  100 
feet  thick,  are  left  between  each  deep,  and  cross-cuts  in  deep, 
pillars  are  spaced  every  100  feet;  a  barrier  pillar,  300  feet  thick, 
is  left  on  each  side  of  these  deeps;  and  levels  are  broken  off  north 
and  south  every  1,400  feet.  All  pillars  in  working  districts 
are  of  70  feet,  and  rooms  are  18  feet.  A  barrier  pillar,  200  feet 
thick,  is  also  left  on  the  low  side  of  the  low  levels. 

The  south  side  of  the  old  workings  was  also  extended  into  a 
sub-lease  of  about  one-sixth  of  one  square  mile.  This  is  triangular 
in  shape,  having  a  width  of  900  feet  on  the  east  and  tapering  to  a 
point  at  a  distance  of  about  4,000  feet  to  the  west  on  the  south 
barrier.  In  1919  rooms  had  reached  the  limit  in  this  section, 
and  pillar  extraction  had  begun,  retreating  towards  the  old 
workings. 

Experience  in  pillar  drawing  in  this  district  proves  con- 
clusively that,  under  such  conditions  as  obtain  in  Princess  with 
a  cover  of  1,000  feet  or  over  and  a  roof  of  the  nature  so  far 
found,  some  method  must  be  adopted  whereby  pillars  can  be  re- 
moved simultaneously  with  the  advance  of  the  workings ;  or,  in 
other  words,  a  panel  system,  similar  to  that  in  some  of  the 
large  English  collieries,  must  be  put  into  operation. 
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It  is  possible  that  a  Longwall  system  that  would  give  good 
results,  could  be  employed  and  later  it  may  be  tried.  There  are, 
however,  in  the  writer's  opinion,  seeming  objections  to  Longwall, 
among  which  may  be  mentioned  a  lack  of  available  stowing 
material  and  the  existing  nature  of  the  roof. 

In  passing  it  may  be  mentioned  that  practically  all  the 
area  a  year  ago  included  in  a  certain  district  in  this  mine, 
where  the  cover  is  about  1,100  feet.,  is  down  completely  today. 
To  recover  pillars  would  cost  as  much  now  as  it  would  to  recover 
them  in  much  older  workings.  In  view  of  the  above,  the 
question  of  timbering  might  be  raised  here ;  but  it  is  sufficient 
to  say  that  a  stick  of  timber  was  used  for  a  ton  of  coal,  as 
against  one  stick  for  three  tons  at  Florence  colliery  in  the  same 
seam  and  distant  only  two  miles  north,  where  the  cover  is  700 
feet.  It  is  not  intended  to  infer  that  the  difference  in  cover 
referred  to  is  altogether  responsible  for  the  difference  in  condi- 
tions at  these  mines.  Undoubtedly  the  roof  in  Princess  colliery 
is,  on  the  whole,  not  so  good  as  that  at  the  Florence. 

The  experiment  is  now  under  way  in  No.  10  district  south, 
to  take  the  pillars  almost  simultaneously  with  the  advance  of 
the  rooms,  by  the  following  method :  The  lift  is  to  be  split  in 
two;  that  is,  another  pair  of  levels,  600  feet  to  the  rise  of  No. 
10,  will  be  driven.  Headways  are  carried  up  every  200  feet; 
rooms  are  to  be  16  feet  and  pillars  30  feet.  When  top  rooms  are 
in  200  feet  both  ways,  pillar  extraction  begins  and  follows  be- 
hind the  rooms.  The  inside  head  is,  of  course,  always  a  straight 
line  of  cross-cuts,  and  when  the  pillars  are  extracted  up  to  the 
working  headway,  the  track  is  shifted  in,  and  so  on.  The 
necessary  pillars  to  support  this  level  will,  of  course,  be  left.  If 
this  method  can  be  successfully  carried  out,  the  result  will  be 
great  saving  in  labour,  with  a  maximum  tonnage  from  the  area. 
The  expressions"  successfully  carried  out"  is  used  advisedly,  forit 
is  difficult  to  foresee  how  any  method  of  working  in  the  deep 
sections  of  this  colliery  is  going  to  effect  the  bottom  and  roof, 
particularly  the  bottom.  The  writer  believes  that  the  propor- 
tion of  a  70-ft.  pillar  and  an  18-ft  room  is  the  greatest  that  has 
been  adopted  in  Cape  Breton.  Notwithstanding  this,  where  the 
cover  is  a  thousand  feet  or  more,  the  bottom  (  which  is  fireclay 
weathering  to  a  semi-plastic  state)  squeezes  up,  no  matter 
seemingly,    with    almost     any     proportion    what    may    be 
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of  pillar  to  room.  To  take  up  this  heaving  bottom  acceler- 
ates its  movement ;  and  there  are  places  filled  by  this  upheaval 
from  bottom  to  top.  On  the  whole  it  is  best  not  to  touch  it, 
but  to  gain  any  required  height  by  brushing  the  roof. 

At  present  the  coal  is  taken  from  the  new  deep  by  plain 
rope  haulage,  operating  a  trip  of  40  boxes  to  a  point  about  9,400 
feet  from  the  pit  bottom.  The  coal  from  the  lower  levels  is 
brought  to  this  point,  a  further  distance  of  3,000  feet  by  an 
auxiliary  plain  rope  air  driven  haulage.  That  a  plain  rope  haul- 
age is  capable  of  operating  over  a  distance  of  9,400  feet  under  the 
conditions  obtaining,  namely,  5000  feet  of  8  per  cent  and  2,400 
feet  of  6.5  per  cent  grade,  the  road  being  straight,  is  interesting. 
The  writer  considers  that  this  distance  may  serve  as  an  example 
of  the  'ultimate'  that  may  be  accomplished  by  this  system  of 
haulage  where  conditions  are  similar,  and,  from  this,  possible 
conclusions  may  be  drawn  by  any  who  contemplate  plain  rope 
on  haulage  ways  having  a  similar  pitch.  In  other  words,  the 
best  that  could  be  done  with  a  plain  rope  haulage  in  this  case 
was  to  get  forty  empty  pit  tubs,  weighing  1,000  pounds  each,  to 
drag  a  one-inch  rope  a  distance  of  9,400  feet,  of  which  the  fall 
in  the  first  8,000  feet  was  8  feet  per  100,  and  in  the  remaining 
1400  feet,  6.5  per  100.  To  obtain  this  result  rollers 
as  wide  as  the  road  permitted,  were  spaced  every  50  feet  and 
were  watched  constantly  to  ensure  that  they  functioned  properly 
at  all  times.  To  keep  the  rope  from  dragging  is  essential  to  a 
satisfactory  performance  for  a  long  haul  with  plain  rope 
haulage. 

The  coal  from  the  pillar  sections  is  taken  up  on  an  endless 
haulage  system  operating  on  the  old  south  deeps  and  forming  a 
loop  about  334  miles  in  length. 

It  is  proposed  to  handle  the  coal  from  the  new  deep  dis- 
tricts by  endless  haulage  on  the  new  road  from  face  to  pit  bot- 
tom, a  distance  of  12,000  feet.  The  haulage  engine  will  be  motor 
driven  and  installed  in  the  pit  at  the  head  of  the  deep  and  in  line 
with  the  road. 

The  ventilation  problem  at  Princess  is  an  interesting  one. 
The  deep  workings  are  almost  2%  miles  from  the  down-cast 
shaft;  the  fan  is  3,600  feet  further  to  the  rise  from  the  down- 
cast. At  present  two  intakes  and  two  returns  are  available 
with  a  total  cross-sectional  area  of  about  100  sq.  ft.  each  way. 
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The  loss  in  air  due  to  short  circuiting  is  heavy,  and  the  present 
workings  have  reached  a  point  where  a  change  in  system  of 
ventilation  becomes  necessary.  Much  of  this  loss  in  short 
circuiting  cannot  be  overcome,  owing  to  the  fact  that  8,000  feet 
of  the  air-ways  pass  through  the  old  workings  which  are  in  a 
fallen  state,  and  in  process  of  crushing  at  various  points.  The 
old  stoppings  of  brick  and  stone  plastered  with  mortar  follow 
down  intact  from  pit  to  barrier  as  far  as  the  stoppings  them- 
selves go,  but  innumerable  falls  have  occurred  inside  and  out- 
side making  it  difficult  if  not  almost  impossible  to  prevent  leakage 
of  air  through  shattered  roof.  In  many  places,  it  is  impossible 
to  find  the  stoppings  which  are  blinded  by  falling  material, 
together  with  clay  stowed  from  bottom  digging.  An  examina- 
tion of  these  blinded  cross-cuts  and  room  ends,  in  which  stop- 
pings are  built,  does  not  reveal  any  perceptible  short  circuit- 
ing of  air;  nevertheless  there  can  be  no  question  but  that  a 
loss  is  occurring  in  many  such  places.  In  the  circumstances  it  is 
an  interesting  problem,  considering  the  cost  involved,  to  know 
just  how  far  to  go  in  order  to  remedy  the  difficulty. 

In  a  paper  written  by  Mr.  Alfred  Tonge  and  read  before 
the  Manchester  Geological  and  Mining  Society  in  1906,  he 
speaks  of  a  case  where  105,000  cu.  ft.  of  air  per  minute  delivered 
at  the  fan  resulted  in  only  73,000  cu.  ft.  per  min.  reaching  the 
workings  districts,  a  loss  of  31%  of  this,  9,800  cu.ft.  per  minute, 
were  accounted  for  as  being  unavoidably  lost  at  certain  doors, 
but  the  balance  of  the  loss,  23,000  cu.  ft.,  could  not  be  found 
although  diligently  hunted  for,  as  he  puts  it.  He  does  not  state 
the  water  gauge  under  which  the  above  loss  was  made,  but  does 
say  that  assuming  a  20%  air  loss  with  1-in.water  gauge,  a  loss  of 
44%  would  occur  with  a  5-in.  water  gauge.  It  seems  that  the 
unavoidable  loss  due  to  the  abnormally  high  water  gauge 
required  to  give  the  needful  air  in  Princess  colliery,  will  necessi- 
tate an  attempt  to  ventilate  this  colliery  by  means  of  under- 
ground booster  fans  in  series,  in  addition  to  a  surface  installa- 
tion. With  workings  situated  as  far  from  the  air-shafts  as  at 
Princess,  and  having  a  limited  cross-section  of  intake,  and 
return  air-ways,  apparently  no  other  effective  means  could  be 
taken  to  remedy  conditions  so  that  the  required  volume  may  be 
obtained  at  a  pressure  sufficiently  low  to  ensure  against  abnor- 
mal leakage,  and  other  consequent  difficulties.     An  installa- 
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tion  of  this  nature  will  be  more  or  less  novel  in  Cape  Breton, 
but  the  method  is  resorted  to  elsewhere,  as,  for  example, 
at  Hulton  Collieries,  England,  where  three  underground  units, 
working  in  series  through  one  down-cast  and  one  up-cast  shaft, 
supply  air  to  three  mines. 

The  pumping  problem  at  Princess  Colliery  is  compara- 
tively simple.  The  old  workings  to  the  dip  of  the  shaft  are 
practically  dry,  and  what  little  water  is  made  from  the  pit  to 
the  face  is  handled  by  six  small  pumps,  lifting  about  50  gallons 
per  minute,  from  one  to  the  other,  and  discharging  into  the 
sump  where  a  Jeansville  pump  having  a  capacity  of  500  gallons 
per  minute  is  located.  This  pump  was  installed  in  1902,  tak- 
ing the  place  of  a  Cornish  pumping  plant  erected  when  the  shaft 
was  sunk.  During  a  fourteen  hour  shift  it  discharges  about  300, 
000  gallons  which  comprises  the  rise  water  let  into  the  lodgment 
through  the  barrier  from  the  old  Queen  pit  workings,  together 
with  the  small  quantity  mentioned  before  as  coming  from  below. 
As  the  cost  of  maintenance  of  the  Jeansville  pump  is  becoming 
too  heavy,  the  provision  of  a  duplicate  motor-driven  installa- 
tion in  its  place  is  being  considered. 


THE  MINE  FIRE  IN  NO.  3  SLOPE,  SPRINGHILL,  N.S. 
By  J.  C.  Nicholson 

(Annual  Meeting  Mining  Society  of  Nova  Scotia,  Halifax,  April,  1921) 

On  November  26th.  1916,  a  very  disastrous  fire  occurred 
in  the  pipe  slope  in  Number  3  mine,  Springhill,  1,050  feet  from 
the  surface.  This  slope  was  used  mainly  for  pimiping  purposes, 
and  an  8-inch  steam  pipe  line  ran  from  the  surface  to  a  large 
pump  at  the  3,200-ft  level.  The  temperature  in  this  slope 
was  very  high,  as  pimiping  had  to  be  carried  on  continuously 
owing  to  a  large  quantity  of  water  below.  All  the  timber  and 
fine  coal  in  the  slope  was  very  dry,  and  the  difficulty  of  ex- 
tinguishing a  fire  which  had  gained  considerable  headway  can 
be  better  imagined  than  described.  An  attempt  was  made 
to  seal  off  this  slope  and  confine  the  fire  to  a  small  area,  but 
on  account  of  the  intense  heat  and  the  nature  of  the  roof  it 
was  found  impossible  to  get  stoppings  tight  enough  to  be 
effective.  A  2-inch  pipe  line  was  then  put  in  from  the  sur- 
face and  an  effort  made  to  extinguish  the  fire  with  water. 
This  method  was  found  to  be  ineffective,  as  the  fire  had  already 
gained  considerable  headway  before  the  water  was  turned  on. 
After  fighting  the  fire  for  three  days  it  was  decided  to  seal  up 
all  the  openings  at  the  surface.  Shortly  after  doing  this  a 
slight  explosion  occurred  which  blew  out  the  stoppings  in  the 
main  slope  and  also  in  the  pipe  slope.  The  work  of  building 
heavy  stoppings  of  plank  and  ot  covering  them  with  clay  to  a 
depth  of  5  feet,  was  at  once  started,  and  a  1  i/^-inch  pipe  was 
put  through  e^ch  stopping  for  the  purpose  of  getting  samples 
of  air  from  behind  the  stoppings.  The  first  analysis  of  air 
was  made  on  December  2nd.  in  the  fan  slope,  four  days  after 
sealing  up,  and  the  result  was  as  follows: 

Carbon  dioxide 5.1  per  cent 

Oxygen 7.9       " 

Carbon  monoxide 0.5       " 

Barometer 30  inches 

Outside  thermometer 30  degrees 

Owing  to  a  slight  defect  in  the  apparatus  the  percentage 
of  marsh  gas  (methane,  CH4)  could  not  be  obtained  at  the 
time. 

(292) 
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On  December  3rd,  a  sample  was  taken  through  the  steam 

pipe  in  the  pipe  slope.     This  pipe  was  afterwards  found  to  be 

broken  at  the  800- ft.  level.    The  analysis  gave  the  following 

results : 

Carbon  dioxide 7.9  per  cent 

Oxygen    7.8 

Carbon  monoxide 0  6       " 

On  the  8th.  of  December,  or  ten  days  after  the  slope  was 
sealed,  the  carbon  monoxide  ceased  to  appear  in  the  samples, 
and  the  oxygen  was  down  to  1.7  per  cent. 

Before  opening  up  the  main  slope  on  January  17th,  1917, 

a  small  exhaust  fan  was  installed  near  the  mouth  of  the  slope 

and  a  quantity  of  20-inch  pipe,  in  5  foot  lengths,  was  got  ready, 

the  intention  being  to  open  the  main  slope  only,  and  take  the 

gases  up  through  the  pipe.    Before  opening,  samples  of  the  air 

were  taken  from  the  fan  and  pipe  slopes,  with  the  following 

results : 

Fan  Slope  Pipe  Slope 

V 

Carbon  dioxide 6.5  per  cent 6.4  per  cent 

Oxygen  1.8         "     1.9 

Carbon  monoxide. ..  .nil        "      nil         " 

Marsh  gas 7.9        "       12.5      " 

At  2  P.M.  the  stopping  in  the  main  slope  was  opened 
and  two  men,  equipped  with  smoke  helmets  installed  the  ven- 
tilation pipe  down  to  the  100-ft.  cross-cut.  A  stopping  was 
built  on  the  main  slope  here,  and  the  stopping  in  the  cross- 
cut leading  to  the  pipe  slope  was  opened.  At  the  same  time, 
an  11 -inch  air  pipe  was  taken  in  to  the  pipe  slope  to  supply 
ventilation  and  a  stopping  was  built  in  the  pipe  slope  below  the 
100-ft.  cross-cut.  When  the  stopping  at  the  100-ft.  cross-cut 
was  completed,  the  stopping  at  the  mouth  of  the  pipe  slope 
was  removed,  and  this  slope  cleaned  from  the  surface  down 
to  the  stopping.  On  the  18th,  the  following  analysis  was 
obtained  of  a  sample  of  air  taken  from  behind  the  stopping  in  the 
pipe-slope  at  the  100-ft  cross-cut : 

Fan  Slope  Pipe  Slope 

Carbon  dioxide 6.5  per  cent 

Oxygen  1.5        " 

Carbon  monoxide nil        " 

Marsh  gas 13.8 

Barometer 29  inches 
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On  January  24th,  all  was  in  readiness  to  open  the  stopping 
below  the  100-ft  cross-cut.  At  2.30  P.M.  the  opening  was 
made  and  the  same  methods  as  described  above  were  used 
and  carried  on  until  the  400- ft,  level  was  reached,  where  a 
stopping  was  built  on  the  main  slope,  and  an  air  line  extended 
in  to  the  pipe-slope.  It  was  not  necessary  to  build  a  stopping 
in  the  pipe-slope,  as  the  water  which  had  been  used  on  the 
fire  had  washed  a  large  quantity  of  clay  and  fine  coal  down  to 
this  point  and  closed  the  place  up,  thus  making  an  effective 
stopping.  During  the  operation  of  moving  down  the  main 
slope,  the  fan,  which  was  5  feet  by  24  inches,  was  run  at  an 
average  speed  of  450  revolutions  per  minute,  and  while  the 
cleaning  operations  were  in  progress  the  speed  of  the  fan 
depended  on  the  conditions  prevailing.  Although  no  signs 
of  fire  could  be  found,  there  was  ample  proof  that  it  had  ex- 
tended up  nearly  to  the  100-ft  cross-cut.  On  January  29th. 
an  opening  was  made  in  the  stopping  below  the  100-ft  cross- 
cut in  the  pipe  slope,  and  the  fresh  air  which  was  allowed  to 
pass  through  from  the  400-ft  level  quickly  cooled  off  this 
section.  Cleaning  and  timbering  operations  were  then  begun. 
At  2  P.M.  on  February  5th,  an  analysis  was  made  of  air  taken 
from  behind  the  stopping  in  the  main  slope,  with  the  fol- 
lowing results: 

Carbon  dioxide 7  per  cent 

Oxygen  7        '' 

Carbon  monoxide nil        " ' 

Marsh  gaz 14.94        " 

Barometer 29  inches 

At  2.30  P.M.  an  opening  was  made  in  the  stopping  in  the 
main  slope,  and  the  air  line  extended  to  the  772-ft  cross-cut. 
Here  a  stopping  was  put  in  on  the  main  slope  and  plastered 
with  hardwall,  which  was  found  to  give  excellent  results. 
During  the  entire  operation  no  sign  of  fire  could  be  found. 
A  careful  examination  of  all  stoppings  on  both  sides  of  the 
main  slope  was  made  and  everything  was  foimd  to  be  in  good 
condition.  The  telephone  and  water  lines  were  extended  to  the 
772-ft.  cross-cut.  This  work  completed,  the  stopping  at 
this  point  was  opened  and  cleaning  in  towards  the  pipe  slope 
begun.  Shortly  after,  fire  sprang  up  ver\^  suddenly  and  was 
partly  extinguished  with  two  streams  of  water  and  a  brick 
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stopping  built  in  the  cross-cut.  On  the  following  day  the 
analysis  showed  carbon  monoxide  for  the  first  time  since 
opening.    Note  the  results  of  the  following  analyses: 


7  A.M. 

11  P.M. 

Carbon  dioxide. .     5.8% 

6.6% 

Oxygen 2.7% 

2.4% 

Carbon  monoxide    0.4% 

0.5% 

Marsh  gas 13.34%, 

12.08% 

Barometer 

29.7  inches 

At  this  point  it  was  found  necessary  to  drive  a  cross-cut 
from  the  main  slope  to  the  fan  slope.  After  this  cross-cut 
was  driven  and  a  stopping  put  in  below  it,  the  stopping  was  re- 
moved from  the  top  of  the  fan  slope,  and  the  air  coming  down 
the  main  slope  was  short-circuited  through  the  cross-cut  to  the 
fan  slope  and  regulated  by  a  door  in  the  stopping. 

On  February  26th  the  stopping  at  the  772-ft  cross-cut  to 
the  pipe  slope  was  again  opened,  and  a  stopping  12  ft.  by  14  ft. 
by  12  in.  was  built  in  the  pipe  slope  On  account  of  the  in- 
tense heat  and  foul  air,  this  stopping  had  to  be  bui  t  by  men 
wearing  smoke  helmets  (not  Draeger),  and  relieved  every  hour. 
When  this  stopping  was  completed  the  one  in  the  cross-cut 
was  again  closed  up.  On  the  following  day  cleaning  was 
started  down  hill  from  the  400-ft.  level,  but  had  to  be  abandoned 
during  the  night  on  account  of  gases  given  off  by  the  fire. 
The  pipe  slope  was  again  closed  off  at  the  100-ft.  cross-cut, 
where  the  stopping  was  left  intact,  and  a  door  kept  in  readiness 
for  closing  quickly.  There  was  also  a  stopping  on  the  main 
slope  for  the  same  purpose.  These  were  always  closed  over 
the  week-end,  as  it  was  not  found  necessary  to  carry  on  the 
work  on  Sunday,  and  it  was  considered  that  the  men  were 
in  better  physical  condition  after  having  the  Sunday  rest. 

On  March  3rd.  it  was  decided  to  rebuild  the  stopping  be- 
low the  400-ft.  level  and  preparations  were  made  to  clean  the 
section  from  the  400-ft.  level  to  the  772-ft.  cross-cut  by  open- 
ing each  cross-cut  on  the  way  down  and  cleaning  in  short 
sections.  This  was  found  to  be  very  satisfactory  under  the 
conditions  prevailing.  Before  opening  the  stopping  at  the 
560- ft  cross-cut  the  analysis  showed  hydrogen  sulphide 
for  the  first  and  only  time  behind  the  stopping.  This  was 
quickly  cleared  away  by  extending  an  18-inch  pipe  line  off 
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the  20-inch  line  which  ran  down  the  main  slope.  No  difficulty 
was  encountered  in  cleaning  up  this  section.  The  analysis 
of  air  taken  in  the  pipe  slope  below  the  560- ft  stopping  on 
March  8th  was  as  follows: 

At  10  A.M.  At  3  P.M. 
Carbon  dioxide. . .  .8.5  per  cent  8.8  per  cent 

Oxygen 0.2       "  .3       " 

Carbon  monoxide.  .0.5       "  .6        " 

Marsh  gas 11.07       "  12.46 

Nitrogen 78.53        "  77.84 

The  above  was  the  composition  of  the  air  in  the  pipe 
slope  only,  the  analysis  of  air  in  the  main  slope  below  the 
772- ft.  cross-cut  being  as  follows: 

At  7.30  A.M.  At  2  P.M. 
Carbon  dioxide.  . .  .7.4  per  cent  7.4  per  cent 

Oxygen 2.2        "  1.4 

Carbon  monoxide. nil         "  nil        " 

Marsh  gas 15.08        "  13.31 

Nitrogen 75.38        "  78.89 

No  further  difficulty  was  encountered  until  the  stopping 
below  the  700-ft.  cross-cut  in  the  pipe  slope  was  reached. 
When  this  stopping  was  opened,  signs  of  fire  were  discovered, 
but  as  there  was  a  stopping  in  the  pipe  slope  below  the  772-ft. 
cross-cut,  it  was  decided  to  try  to  clean  out  this  section 
without  sealing  up  and  waiting  for  the  fire  to  die  out.  Two 
streams  of  water  from  a  2-inch  hose  were  kept  on  the  fire  at 
this  point  until  this  section  was  cleaned  out.  This  was  found 
to  be  the  most  difficult  section  to  clean,  as  at  one  time  the 
carbon  monoxide  was  up  to  2.2  per  cent,  and  the  section  had 
to  be  closed  for  the  night,  but  was  reopened  on  the  following 
morning.  A  quantity  of  coal  that  had  fallen  from  the  roof 
was  burned  to  ashes,  some  of  it  coked,  some  of  it  honey- 
combed, and  a  large  amount  of  the  stone  was  burned  to  a 
clinker.  This  stone  and  coal  was  from  4  to  7  feet  deep.  This 
was  the  last  place  that  any  fire  was  seen,  although  the  fire 
started  about  300  feet  below  this  point.  While  the  air  analysis 
showed  that  no  fire  existed  below  the  772-ft.  cross-cut,  the  same 
precautions,  as  from  the  surface  down  to  this  point,  were  taken 
in  opening  up  the  lower  sections.  On  April  13th  the  place 
where  the  fire  started  was  reached,  and  although  it  was  gen- 
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erally  supposed  that  the  fire  had  originated  from  wood  lying 
on  the  steam  pipe,  it  was  found  that  spontaneous  combustion 
was  the  cause,  as  the  fire  started  on  a  prop  on  the  west  rib  of 
the  pipe  slope  and  the  steam  pipe  was  at  least  six  feet  away 
from  it.  No  doubt  the  intense  heat  in  the  pipe  slope,  and  the 
dryness  of  the  wood  used  for  timber  and  packing  over  the 
booms,  made  ideal  conditions  for  a  disastrous  fire.  It  is  not 
necessary  to  point  out  the  danger  incurred  in  conveying  steam 
underground,  as  the  results  of  the  practice  in  some  of  the 
mines  in  Nova  Scotia  are  well  known.  On  account  of  the 
intense  heat  given  off,  it  is  impossible  to  keep  the  place  in  good 
condition,  especially  where  the  roof  is  bad,  as  the  effect  of  the 
constant  heat  tends  to  disintegrate  the  rock  and  cause  num- 
erous falls ;  and  as  there  is  seldom  a  track  in  those  pipe-ways, 
the  falls  of  rock  are  not  taken  away,  with  the  result  that  their 
area  is  greatly  reduced.  This  tends  to  cause  greater  heat, 
as  the  amount  of  air  necessary  to  keep  the  place  cool  cannot  be 
carried. 

When  it  is  necessary  to  carry  a  steam-pipe  underground, 
the  following  provis'ons  are  recommended:  Pipe  to  be  in- 
sulated with  good  material  and  a  daily  inspection  made; 
pipe  to  be  suspended  with  chains  or  iron  rods  fastened  to  per- 
manen  supports;  all  inflammable  material  to  be  kept  away 
from  the  pipe  line;  track  to  be  kept  in  pipe-way  so  that  all 
falling  materials  can  be  taken  away;  and,  lastly,  stoppings  to 
be  arranged  so  that  the  pipe  way  can  be  quickly  sealed  off  from 
the  rest  of  the  mine  in  case  of  fire. 

Before  closing,  I  would  like  to  call  attention  to  the  im- 
portance of  analysing  the  gases  contained  within  a  section  on 
fire,  as  a  means  of  assisting  those  who  may  have  to  fight  mine 
fires;  for  although  ana'yses  of  gases  from  such  fires  have  been 
made  in  the  past,  the  systematic  analysis  of  samples  of  the 
atmosphere  of  a  burning  mine,  or  a  section  of  a  mine,  has  not 
received  the  attention  its  usefulness  warrants. 

When  an  entire  mine,  or  a  section  of  it,  has  been  sealed 
to  exclude  air,  a  knowledge  of  the  composition  of  the  atmos- 
phere within  the  sealed  area  becomes  desirable  in  order  to 
determine  the  effectiveness  of  the  stoppings  in  excluding  air. 
If  the  stoppings  are  tight  the  fact  is  shown  by  the  depletion 
of  oxygen  in  the  atmosphere  behind  them.    A  period  of  anxiety 
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always  follows  sealing,  and  any  aid  that  might  tend  to  allay 
fears  as  to  whether  the  fire  is  spreading,  or  enable  the  mine 
ofiticials  to  act  promptly  in  case  conditions  get  worse,  is  worthy 
of  consideration. 

Another  reason  for  the  systematic  collection  and  analysis 
of  samples  of  air  from  the  sealed  area  is  to  obtain  information 
regarding  the  advisability  of  removing  stoppings.  Disastrous 
consequences  have  sometimes  followed  the  premature  opening 
of  sealed  areas.  Moreover,  fires  have  burned  vigorously  after 
external  air  was  thought  to  be  excluded;  hence  stoppings  are 
sometimes  left  in  place  for  many  months,  and  even  when  they 
are  eventually  removed  some  uncertainty  is  felt  as  to  the 
result. 

For  the  results  of  analyses  of  gases  incorporated  in  this 
paper  the  writer  desires  to  express  his  indebtedness  to  Mr. 
C.  M.  Martin,  Underground  Manager,  of  No.  2  mine,  Sprin- 
hill. 
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THE  NEW  COAL  RAISING  AND  SCREENING 

ARRANGEMENTS  AT  JUBILEE  COLLIERY 

SYDNEY  MINES,  N.  S. 

By  Albert  Dawes. 

(Mining  Society  of  Nova  Scotia,  Annual  Meeting,  April,  1921.) 

Jubilee  colliery  has  two  shafts,  one  of  which  is  used  for 
the  hoisting  of  men,  the  other  for  the  hoisting  of  coal.  The 
former,  locally  known  as  Jubilee  'A',  was  sunk  some  years 
ago,  to  tap  two  seams  of  coal  approximately  560  ft.  and  740  ft. 
below  the  surface.  The  latter,  known  as  Jubilee  'B,'  was  sunk 
between  1914  and  1916. 

At  the  'A'  shaft  is  installed  a  large  ventilating  fan,  and  a 
hoisting  engine,  both  electrically  driven.  The  fan  ducts  and 
housings  are  of  concrete,  the  hoisting  engine  and  fan  motor  are 
contained  in  a  substantial  concrete  building,  and  a  steel  head- 
frame  surmounts  the  shaft. 

The  increasing  development  of  the  mine  underground 
made  necessary  the  purchase  in  1918,  of  an  electric  driven  air 
compressor,  of  3000  cu.  ft.  capacity,  which  was  erected  and 
housed  in  a  temporary  building  and  placed  in  such  a  position 
that  the  coal  hoisting  engine  house  of  the  future  would  contain 
it  as  well.  This  machine  is  the  only  redeeming  feature 
of  the  surface  equipment  at  the  coal  shaft  of  this  colliery. 

The  coal  output  has  steadily  increased,  until  it  now  aver- 
ages 700  tons  per  day,  and  the  bankhead,  hoisting  facilities, 
and  mechanical  equipment,  are  all  being  severely  taxed  to 
handle  this  amount  of  coal.  Every  part  requires  constant 
attention  and  continual  repairs  to  keep  it  in  running 
condition;  the  number  of  men  employed  on  all  the  various 
operations  involved  in  handling  the  coal  from  this  pit  bank 
to  railroad  cars  is  very  high;  and  the  all  round  mechanical 
efficiency  is  extremely  low — these  factors  have  all  contributed 
to  the  present  high  cost  of  producing  coal. 

The  question  of  providing  a  new  bankhead  with  good  coal 
hoisting  facilities  was  taken  up  early  last  year,  as  the  inade- 
quacy of  the  existing  equipment  was  beginning  to  be  then  ser- 
iously felt;  and  when,  later,  large  contracts  for  coal  from  this 
colliery  were  secured,  which  it  would  be  impossible  to  take  care 
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of  unless  additional  equipment  were  installed,  the  Company 
authorized  the  monetary    outlay    necessary  for  this  purpose. 

The  new  surface  equipment,  which  is  now  under  construc- 
tion, includes  two  electric  driven  hoisting  engines  (one  for  each 
seam)  housed  in  a  substantial  building;  a  structural  steel  pit 
headframe  90  ft.  high;  a  steel  and  concrete  bankhead,  consist- 
ing of  connecting  bridges;  an  auxiliary  tipple  building;  and  a 
main  tipple  screen  and  picking  belt  building  equipped  with  the 
necessary  machines,  electric  motors,  and  other  appliances 
which  make  up  a  surface  equipment  of  this  nature.  It  also 
involves  the  construction  of  a  railway  assembling  and  distribut- 
ing yard,  a  blacksmith  and  tub-repair  shop,  a  warehouse,  and 
an  office. 

In  the  consideration  of  the  general  scheme,  the  size  of 
winding  engines,  of  all  machinery,  and  of  structures,  had  to  be 
based  not  only  on  immediate  prospects,  but  on  future  possibili- 
ties, and  for  this  purpose  the  future  maximum  output  of  the 
colliery  was  taken  as  2,000  tons  per  day,  or  1,000  tons  from  each 
seam.  The  attainment  of  this  output,  either  from  a  mine 
development  or  a  market  standpoint,  is  probably  a  matter  of  a 
few  years,  whereas  a  maximum  up  to  1,000  tons  per  day 
in  the  near  future  is  anticipates.  The  hoisting  engines 
and  house,  the  pit  headframe,  and  other  parts  had  therefore  to 
be  arranged,  and  equipment  made  of  sufficient  size,  for  the  larger 
output;  but,  in  order  to  cut  down  initial  cost,  only  half  of  the 
eventual  main  tipple,  screen,  and  picking  belt  building,  and 
half  of  the  eventual  equipment,  is  now  being  constructed.  The 
arrangements,  however,  are  such  that  duplication  of  the  pre- 
sent half  can  be  readily  accomplished  when  required. 

The  hoisting  facilities,  as  well  as  the  bankhead,  have  been 
designed  and  laid  out  in  such  a  way  as  to  provide,  as  far  as 
possible,  the  best  of  equipment  for  handling  the  coal  from  the 
pit  bottom  to  bank,  as  well  as  for  its  classification  and  cleaning, 
and,  of  special  importance,  its  loading  as  desired  into  either 
hopper  or  box  cars.  Provision  has  also  been  made  for  the 
mechanical  loading  of  slack  coal  into  box  cars;  for  readily  bunk- 
ering the  Company's  locomotives;  for  supplying  coal  from  bins 
for  local  purposes;  and  for  the  disposal  of  'stone'  or  'material 
other  than  coal'  from  the  mine  and  the  picking  belts. 
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It  will  be  apparent,  therefore,  that  the  new  hoisting, 
screening,  cleaning,  and  loading,  plant,  when  completed,  will 
probably  have  cost  more  money  than  is  usually  expended  on 
similar  equipment  for  the  same  capacity;  and  emphasis  is  laid  on 
this,  inasmuch  as  the  larger  monetary  outlay  necessitated  by  the 
adoption  of  these  special  features  might  be  criticized.  But, 
in  order  to  be  prepared  to  sell  all  the  coal  produced  from  this 
colliery,  whether  screened,  run  of  mine,  or  slack,  and  to  dispose 
of  it  readily,  either  into  box  cars  or  hopper  cars,  it  was  incum- 
bent to  provide  facilities  as  flexible  as  possible  now,  so  as  to  be 
in  readiness  for  the  time  when  they  might  become  indispensible. 

The  work  now  under  construction  involves  an  estimated 
expenditure  of  $385,000.  Excavations  for  foundations  com- 
menced in  October  last,  and  it  was  expected  that  the  bankhead 
would  be  completed  by  April;  but,  owing  to  various  causes, 
such  as  promises  of  deliveries  not  being  fulfilled,  it  now  seems 
probable  that  the  work  will  not  be  finished  before  July.  The 
work  is  being  carried  on  while  the  present  bankhead  is  operat- 
ing, and  it  is  hoped  that  no  stoppage  of  colliery  or  reduction 
of  coal  output  will  ensue  while  construction  is  proceeding. 
The  change  over  from  old  to  new  equipment  will  be  arranged 
for  at  a  week-end. 

When  in  operation,  the  new  equipment  will  allow  of  the 
number  of  men  now  employed  being  reduced  by  20,  the  expen- 
sive upkeep  of  an  old  equipment  will  be  eliminated,  and  the 
operating  power  cost  will  be  considerably  reduced.  The  pre- 
sent cost  for  labour,  repairs,  supplies,  and  power,  in  handling 
the  coal  from  pit  bottom  to  coal  cars,  should  be  reduced 
25  per  cent,  which  is  equal  to  an  estimated  saving  of  $36,000 
per  year. 

Furthermore,  as  the  number  of  men  required  for  operat- 
ing the  new  bankhead  for  an  output  up  to  1,000  tons  will  not 
be  more  than  for  700  tons,  and  as  the  electric  power  charge  for 
operating  at  the  greater  output  will  obviously  not  increase  pro- 
portionately, the  cost  per  ton  of  coal  for  an  output  of  1,000 
tons  per  day  should  be  35  per  cent  less  than  the  present  cost  of 
handling  the  coal  from  the  pit  bottom  to  the  coal  cars. 

In  order  that  this  saving,  or  reduction  in  cost,  shall  be- 
come a  reality,  it  is  essential  that  every  mine  official  shall 
conscientiously   strive   to  carry  out  the  intentions   of  those 
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responsible  for  the  new  equipment,  and  especially  to  see  that, 
where  labour  can  be  displaced,  it  be  displaced,  and  not 
be  merely  transferred  to  some  other  place,  except  it  be  the  work- 
ing face. 

The  undertaking  can  be  classed  under  three  heads,  namely: 

The  Coal  Hoisting  Equipment  and  Building. 

The  Structural  Steel  Pit  Head  Frame. 

The  Bankhead,  which  includes  the  bank  around  the  head- 
frame,  the  connecting  bridges,  auxiliary  tipple  building,  and 
main  tipple,  screen  and  picking  belt  building,  and  the  equip- 
ment   contained    therein. 

The  Coal  Hoisting  Equipment 

The  coal  hoisting  equipment  consists  of  two  single  geared 
hoists,  built  by  the  Vulcan  Iron  Works,  Wilkesbarre,  and  each 
designed  to  raise  1,000  tons  of  coal  per  day  from  the  respective 
seams.  These  hoists  are  duplicates  with  the  exception  of  the 
size  of  motors  and  gear  ratios,  and  that  one  is  arranged  right- 
hand  and  the  other  left-hand.  They  are  each  driven  by  West- 
inghouse  A.  C.  motors  of  the  wound  rotor  type,  built  for  hoist 
service,  and  working  from  a  2,200  volt,  3  phase,  60  cycle, 
electric  power  supply.  The  motors  are  respectively  550  H.  P. 
and  350  H.P.  for  lower  and  upper  seams.  The  gears  are  machine 
cut,  herring-bone  type,  and,  working  in  an  oil  bath,  will  be 
practically  noiseless.  The  drums  are  cylindro-conical,  having 
a  small  diameter  of  7  feet  and  a  large  diameter  of  10  feet. 

Besides  a  powerful  main  brake  of  the  post  type,  there  is 
also  provided  on  each  hoist  an  auxiliary  band  brake  which  oper- 
ates on  the  motor  pinion  shaft,  its  function  being  to  absorb 
the  inertia  of  the  rotating  parts  of  the  motor,  and  relieve  the 
gears  of  unnecessary  strains.  The  two  brakes  are  so  inter-con- 
nected that,  when  the  main  brake  is  applied,  the  one  on  the 
pinion  shaft  also  comes  into  action.  The  latter  is  also  arrang- 
ed so  that  it  can  be  applied  independently. 

The  air  pressure  contained  in  the  cylinder  of  an  auxiliary 
air  engine  holds  the  brake  in  the  off-position,  and,  on  being 
released,  applies  the  braking  force  through  the  medium  of 
weights.  This  force  is  proportional  to  the  air  pressure  exhaust- 
ed from  the  air  cylinder. 
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The  auxiliary  engine  is  also  provided  with  a  device  which 
automatically  applies  the  brake  in  case  of  power  failure,  over- 
speed,  or  overwind. 

The  speed  of  the  hoist  motor  is  controlled  by  varying  the 
resistance  in  the  rotor  circuit,  this  being  accomplished  by  the 
operation  of  a  small  master  controller,  mounted  on  the  hoist 
platform.  The  master  controller  actuates  through  magnetic 
contactors,  which  are  governed  by  suitable  current  limit  relays. 
Automatic  acceleration  which  is,  to  a  certain  extent,  independ- 
ent of  the  operator,  is  thus  provided  for. 

The  safety  features  of  these  machines  are  such  that:  the 
hoists  cannot  start  in  the  wrong  direction,  or  overtravel  in 
either  direction ;  the  brake  will  not  be  suddenly  applied  on  power 
failure,  but  it  will  allow  of  a  full  application  of  brake  if  required, 
when  limits  of  travel  are  reached ;  the  brake  cannot  fail  due  to 
worn  brake  shoes,  or  the  failure  of  air  supply  to  the  auxiliary" 
engine,  or  grounded  control  circuits,  and  the  hoisting  or  lower- 
ing of  men  can  be  done  at  reduced  speed ;  as  there  are  very  few 
levers  an  inexperienced  operator  cannot  injure  the  hoist  by 
improper  manipulation  of  levers,  neither  is  it  necessary  for 
him  to  call  for  assistance  or  leave  his  station  to  reset  the  safety 
devices.  These  features  tend  to  give  the  operator  complete 
confidence  in  the  hoist  under  his  control,  and  at  the  same  time 
they  afford  the  maximum  of  safety  to  the  men  and  apparatus 
— in  this  respect  they  more  than  fulfill  the  requirements  of  any 
mine  law  enacted  concerning  such  equipment. 

The  brick  building  in  which  this  apparatus  is  being  installed 
is  973^  feet  long  and  39  feet  wide.  It  has  been  made  sufficiently 
large  to  accommodate  the  present  3,000  cu.  ft.  electric  motor 
driven  air  compressor,  and  also  a  future  one  of  the  same  size. 
The  building  is  of  substantial  construction,  is  well  lighted,  of 
not  unpleasing  appearance,  and,  considering  that  the  whole 
construction  was  carried  out  in  winter,  is  very  satisfactory. 
An  overhead  travelling  crane  is  being  built  for  erection  pur- 
poses, and  for  the  handling  of  heavy  parts  of  machinery, 
when  such  might  be  necessary. 

The  Structural  Steel  Headframe 
The  structural  steel  headframe  consists  essentially  of  six 
built-up  plate  and  angle  columns,  the  tops  of  which  support  a 
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platform  on  which  are  mounted  the  four  head  pulleys.  The 
columns  are  so  placed  about  the  mouth  of  the  shaft  as  to  form, 
with  their  framing  and  connecting  bracings,  what  are  virtually 
continuations  of  the  upper  and  lower  seam  shaft  compart- 
ments, in  which  the  coal  cages  are  guided  and  hoisted  to  the 
banking  floor. 

In  the  design  of  pit  headframes,  the  main  difficulty  is  not 
to  determine  the  strength  of  columns,  struts,  and  stays,  for 
resisting  the  bending  compression  and  tensile  stresses,  but  to 
obtain  the  necessary  stiffness  and  rigidity,  and  stability,  of  the 
whole  structure  with  the  least  weight  of  material  to  withs  and 
heavy  loads  suddenly  applied  and  as  suddenly  taken  off;  all  of 
which  factors  are  affected  by  the  loads,  the  acceleration,  and 
the  height  of  the  structure. 

It  is  the  common  practice  in  pit  headframes  to  have  back 
'stays'  to  resist  the  tension  of  the  ropes  from  dnmi  to  head 
sheave,  but  in  the  headframe  under  construction  at  the  Jubilee 
colliery  there  are,  instead,  front  stays,  the  lower  portions  of 
which  are  anchored  to  solid  concrete  foundations  and  serve  as 
building  columns  of  the  bankhead  structure,  hence  the  weight  of 
that  part  of  the  bank  structure  helps  to  reduce  to  some  extent 
the  amount  of  concrete  in  the  anchorage  necessary  for  stability. 

This  departure  from  type  was  made  in  order  to  give  an 
uninterrupted  passage-way  for  the  empty  pit  tubs  returning 
to  the  bank,  and  also  to  avoid  complications  due 
to  one  of  the  present  steam  driven  hoisting  engines 
obstructing  the  best  position  for  the  feet  of  back  stays. 
This  construction  made  possible  a  reduction  in  the  total  height 
of  the  headframe,  and,  as  tension  members  are  obviously  lighter 
in  construction  than  compression  members,  it  also  permitted  of 
a  considerable  reduction  in  weight,  and  hence  in  cost,  of  the 
steelwork. 

A  system  of  beams  s  arranged  for  supporting  the  safety 
detaching  hooks  against  overwind.  Another  set  of  beams  is 
provided  for  the  chairs  or  keps  supporting  the  cages  at  the 
banking  floor,  and  there  will  be  a  substantial  stairway  leading 
from  the  banking  floor  to  the  top  platform  supporting  the  head 
pulleys. 

As  the  new  headframe  is  being  constructed  around  the 
present  timber  headframe  and  bankhead,  its  erection  will  be 
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attended  with  difficulties.    To  facilitate  erection,  each  of  the 
columns  is  being  made  in  sections. 

The  total  height  of  the  head  frame  from  surface  to  center- 
line  of  head  pulleys  is  90  feet,  and  the  estimated  weight  of  steel- 
work, including  front  stays,  is  110  tons. 

The  Bankhead 

On  being  hoisted  to  the  banking  floor,  which  is  40  feet  a- 
bove  the  ground,  the  two  full  coal  tubs  contained  in  the  cage 
run  by  gravity  along  a  connecting  bridge  and  through  the 
'auxiliary  tipple  building'  to  the  'main  tipple  house'.  The 
coal  is  there  dumped  by  means  of  an  automatic  power  driven 
revolving  tipple  into  two  weigh  tanks  situated  below  the  floor. 
The  empty  tubs  then  continue  the  down  grade  into  a  dip,  where 
a  creeper  hauls  them  up  a  grade  sufficiently  high  to  allow  of 
their  returning  by  gravity  to  the  bank,  thus  making  a  complete 
circuit. 

The  weigh  tanks  into  which  the  coal  is  dumped  are  each 
equipped  with  gates  operated  by  air  cylinders.  After  being 
weighed,  the  coal  is  fed  on  to  a  horizontal  reciprocating  convey- 
or type  screen.  This  screen  is  supported  on  rollers  and  receives 
a  'slow'  forward,  and  'quick'  return,  motion,  by  means  of 
special  driving  gear. 

The  screen  is  built  with  three  decks,  the  screen  plates  of  the 
upper  being  perforated  with  holes  of  sufficient  size  to  allow  nuts 
and  slack  coal  to  fall  through  to  the  middle  deck,  and  this,  hav- 
ing plates  likewise  perforated  but  with  smaller  size  holes, 
allows  the  slack  coal  to  fall  through  to  the  lower  deck.  The 
coal  is  thus  classified  into  screened  on  the  upper,  nut  on  the 
middle,  and  slack  coal  on  the  bottom,  deck.  The  screen  is 
arranged  with  the  usual  dead  plates  for  run-of-mine  coal,  and 
with  suitable  gates  through  which  slack  and  nut  coal  may  be 
diverted  on  to  conveying  belts  or  into  chutes,  as  desired,  thus 
giving  flexibility  in  the  disposal  of  products. 

At  the  outer  end  of  the  screen,  a  breeches  chute  diverts  the 
run  of  mine  or  screened  coal  on  to  two  picking  belts  equipped 
with  the  usual  swinging  jibs,  and  so  arranged  that  when  in  the 
'up'  position  they  discharge  the  coal  into  a  feeding  bin  for  even- 
tual loading  into  box  cars  by  means  of  a  mechanical  loader,  and 
when  'down',  into  hopper  cars. 
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The  slack  coal  for  loading  into  box  cars,  for  which  a 
mechanical  loader  is  provided,  is  conveyed  from  under  the 
screen  on  a  rubber  belt  to  a  feeding  bin,  the  arrangements  being 
such  that  hopper  cars  can  be  loaded  when  required. 

As  a  market  for  nut  coal  is  more  or  less  a  matter  lor  the 
future,  the  conveying  belt  provided  for  this  purposes  will,  for 
the  present,  serve  for  conveying  small  size  lump,  nut,  or  slack, 
coal  into  a  large  bin  located  under  the  auxiliary  tipple  floor, 
whence  it  can  be  taken  for  locomotive  bunkering,  or  for  domes- 
tic and  local  use. 

The  revolving  tipple  located  in  the  auxiliary  tipple  build- 
ing is  primarily  for  the  disposal  of  stone  from  the  mine,  and 
which  comes  up  the  shaft  in  coal  tubs.  The  stone  will  be  dump- 
ed into  a  special  stone  bin  under  the  floor,  from  whence  it  will 
be  discharged  into  hopper  cars  for  removal  to  the  colliery  dump. 
This  tipple  will  also  be  used  as  an  auxiliary  for  coal,  for,  by 
means  of  a  suitable  gate  in  the  tipple  chute  coal  may  be  divert- 
ed into  the  above  mentioned  large  coal  bin  located  under  the 
floor 

The  stone  taken  from  the  picking  belts  is  to  be  delivered  by 
means  of  a  bucket- type  conveyor  into  the  stone  bin  under  the 
auxiliary  tipple  floor.  With  the  exception  of  the  picking  belts, 
both  of  which  will  be  driven  by  one  motor,  all  parts  of  the 
mechanical  equipment  are  to  have  their  own  driving  motors. 
These  are  25  H.P.  for  the  propulsion  mechanism  of  the  screen, 
25  H.P.  for  the  two  picking  belts,  and  5  H.P.  for  each  conveyor. 
The  countershafting  is  being  arranged  so  that  when  the  future 
half  of  the  equipment  is  added,  the  picking  belts  and  screen  of 
the  new  half  may  be  driven  by  the  motor  of  the  other. 

For  the  mechanical  loading  of  coal  into  box  cars  two  con- 
veyor belt  loaders  have  been  purchased  from  the  Ottawa  Box 
Car  Loader  Company.  These  loaders  are  practically  iden- 
tical except  that  the  one  for  loading  run  of  mine  or  screened- 
coal  is  equipped  with  a  steel  conveying  belt,  whereas  the  other, 
for  slack  coal,  is  being  furnished  with  a  rubber  belt.  These  two 
machines  will  each  be  operated  by  25  H.P.  alternating  current 
slip  ring  type  motors.  All  operations  of  these  machines  are 
entirely  mechanical.  They  will  permit  of  the  loading  of  the 
coal  near  the  centre  of  the  car,  or  out  towards  the  extreme  ends, 
and,  by  being  able  to  load  close  to  the  floor  or  high  up  in  the  car. 
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coal  may  be  placed  in  any  desired  position  in  the  cars.  All  the 
motions  are  power  operated,  only  one  man,  the  operator,  being 
necessary  for  loading  the  cars.  They  are  each  guaranteed  to 
load  at  the  rate  of  150  long  tons  per  hour. 

The  structural  steelwork  of  the  bankhead  is  being  fabri- 
cated by  the  Canadian  Bridge  Company.  All  columns  of 
plate  and  angle  section  are  supported  on  substantial  concrete 
foundations.  The  floor  system  is  composed  of  I-beams,  or 
channels.  The  trusses,  purlins,  bracing,  and  girts  are  of  angles, 
no  thickness  of  metal  being  less  than  5-16  of  an  inch. 

The  total  weight  of  steelwork  will  be  approximately  350  tons. 

The  floors  are  to  be  of  reinforced  concrete  of  a  minimum 
thickness  4  inches.  Triangular  mesh  reinforcement  is  being 
used.  That  portion  of  the  floor  under  the  driving  mechanism 
of  the  screen  will  be  about  14  inches  thick,  in  order  to  present  a 
solid  mass  against  the  inertia  of  the  reciprocating  parts  of  the 
screen. 

Both  the  roofs  and  sides  of  the  buildings  are  being  covered 
with  20  and  22  gauge  galvanized  corrugated  sheeting.  The 
provisions  for  windows  is  generous,  and  these  are  generally 
made  to  slide  back  so  as  to  give  a  full,  or  part,  window  opening 
as  desired.  In  addition,  over  those  portions  of  the  buildings 
where  coal  dust  is  mostly  encountered,  that  is,  over  the  main 
tipple  and  the  picking  belts,  Robertson  Patent  Roof  Ventila- 
tors will  be  fixed,  so  that  good  ventilation  during  the  summer 
weather   is   provided   for. 

As  the  bankhead  is  built  entirely  of  steel  and  concrete,  and 
is  therefore  fireproof,  no  insurance  on  either  buildings  or 
equipment  will  be  needed.  This  means  a  considerable  saving 
in  yearly  premiums,  and  at  the  same  time  it  insures  against 
that  loss  in  output  which  invariably  results  when  a  fire  occurs 
on  a  bankhead  constructed  of  wood. 

Colliery  bankheads  are  not  usually  picturesque,  but  they 
can  be  so  made  as  not  to  be  unsightly.  Ruskin  has  asserted 
that  man  has  no  more  right  to  disfigure  landscapes  with  ugly 
buildings  than  he  has  to  putrify  the  atmosphere  with  obnoxious 
smells.  Bearing  this  in  mind,  and  that  Jubilee  colliery  is 
situated  in  the  middle  of  the  town  of  Sydney  Mines,  it  has  been 
the  aim  to  erect  a  structure  that  will  be  both  sightly  and  the 
equal  of  the  best  of  its  kind  in  point  of  utility. 


THE   USE   OF   MECHANICAL   LOADING    MACHINES 

IN   MINES. 

By  Hugh  B.  Gillis. 

(Annual  Meeting  of  the  Mining  Society  of  Nova  Scotii,  Halifax,  April,  1921.) 

The  industrial  progress  of  Nova  Scotia  depends  in  a  greater 
measure  upon  low  coal  mining  costs  than  upon  any  other 
single  factor.  The  considerable  advance  in  miners'  wages 
during  the  past  six  years  has  imposed  a  burden  on  the  industries 
of  the  province  that  must  be  relieved  by  corresponding  reduc- 
tions in  wages  or  counteracted  by  improved  and  cheaper 
mining  methods  before  the  province  can  secure  its  share  of 
the  world's  trade  to  which  it  is  entitled  by  its  geographical 
position  and  the  abundance  of  its  mineral  wealth. 

In  the  marketing  of  its  coal  this  province  is  in  direct  com- 
petition with  the  product  of  American  mines  where  coal  can 
be  mined  from  stripping  or  sidehill  openings  at  a  cost  not  much 
greater  than  the  development  and  overhead  charges  against 
our  product.  We  not  only  must  compete  with  this  cheap  coal 
in  the  coal  markets  of  central  Canada,  but  we  must  compete 
with  it  indirectly  in  all  branches  of  manufacturing.  In  the 
steel  industry  this  competition  is  most  severely  felt,  for, 
while  other  branches  of  manufacturing  can  be  carried  on  with 
the  same  ratio  of  fuel  consumption  to  the  unit  of  production 
as  prevails  in  the  United  States,  the  steel  industry  of  Nova 
Scotia  has  a  greater  fuel  usage  per  unit  of  output  of  its  mills 
than  similar  operations  carried  on  at  American  plants. 

These  conditions  are  generally  recognized  and  accepted 
as  inevitable  by  all  who  have  studied  our  industrial  problems. 
The  coal  supply  is  conceded  to  be  the  key  to  the  situation, 
and  on  the  cheapness  of  this  supply  depends  the  success  of 
our  industries.  Up  to  a  few  years  ago  when  our  mines  were 
required  to  meet  only  normal  increases,  in  operating  costs, 
due  to  comparatively  small  wage  increases  and  to  a  gradual 
recession  of  the  working  places  from  the  pit  mouth,  the  task 
of  maintaining  a  reasonable  cost  was  rendered  simple  by  intro- 
ducing more  efficient  equipment  and  by  opening  new  collieries 
where  the  low  initial  operating  cost  assisted  for  a  time  in  bring- 
ing the  average  production  cost  to  a  point  where  the  normal 
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increase  was  apparently  offset .  Because  of  existing  high  labour 
rates,  none  of  the  former  expedients  seems  to  offer  now  a  satisfac- 
tory solution  of  the  difficulties.  Our  mines  are  equipped  with 
modern  ventilating,  pumping,  hoisting,  and  coal-cutting  ma- 
chinery; and  the  opening  of  new  collieries  would  be  of  little 
assistance,  as  any  output  from  this  source  would  be  such  a 
small  proportion  of  the  total  production  of  the  mines  that  the 
effect  would  be  negligible. 

The  problem  confronting  to-day  the  coal  mine  operator 
is  to  devise  a  method  of  mining  coal  and  getting  it  to  the  sur- 
face at  a  cost  that  will  permit  its  sale  at  competitive  points, 
and  also  enable  local  industries,  not  having  the  advantage  of 
a  location  making  possible  the  importation  of  cheap  foreign 
coal,  to  continue  without  the  handicap  they  are  suffering  from 
at  present. 

As  labour  seems  to  be  the  most  acute  problem,  any  effort 
to  reduce  mining  costs  must  essentially  be  directed  to  increase 
the  returns  per  labour  unit  expended.  If  it  is  assumed  that 
the  present  labour  out-turn  is  the  maximum  to  be  expected 
under  the  present  method  of  mining  and  with  present  equip- 
ment, operators  will  be  driven  to  the  necessity  of  devising 
new  mining  methods,  providing  labour-saving  machinery,  or 
of  adopting  a  combination  of  both  of  the  foregoing,  so  that  a 
larger  labour  out-turn  may  be  secured,  before  much  improve- 
ment can  be  looked  for  in  the  cost  sheet. 

There  is  one  large  labour  absorbing  process  that  for  years 
did  not  receive  the  attention  its  bearing  on  the  cost  sheet 
deserved.  Hand  loading  is  still  followed  as  in  the  days  of 
the  Duke  of  York,  and,  although  in  past  years  there  was  the 
excuse  that  no  adequate  substitute  was  available,  its  continued 
practice  in  the  face  of  the  last  few  years  will,  within  a  very 
short  period,  be  a  reproach  to  any  mining  man  responsible  for 
its  use. 

During  the  past  ten  years  manufacturers  of  mixing  equip- 
ment have  given  a  great  jdeal  of  thought  and  expended  a  large 
amount  of  money  in  perfecting  efficient  underground  loading 
machines.  During  this  period,  mining  operators  were  suffering 
from  the  so-called  inefficiency  of  labour.  The  high  wages  pre- 
valent in  the  mining  industry  added  to  their  difficulties  through 
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the  'holiday'  tendency  of  the  miners  receiving  large  pay. 
Manufacturers  naturally  assumed  that  a  suitable  machine  that 
would  efficiently  replace  the  large  number  of  underground 
shovellers  would  be  welcomed  generally  by  the  mining  industry. 
As  a  consequence  there  was  expended,  in  experiments  and 
tests,  a  sum  estimated  to  be  in  the  vicinity  of  ten  million  dollars, 
and  as  a  result  we  have  on  the  market  a  large  number  of  loading 
machines.  It  is  not  my  intention  to  discuss  the  various  types 
of  machines  now  being  offered,  but  only  to  say  that  these  pre- 
sent so  many  different  principles  of  design,  construction,  and  oper- 
ation, that  almost  any  loading  problem  can  be  met  by  one 
or  other  of  the  machines  now  being  manufactured. 

For  the  past  two  years  we  have  been  operating  two  self- 
propelling  mechanical  loading  machines  at  our  iron  ore 
mines  at  Wabana.  The  introduction  of  these  machines  was 
due  to  a  scarcity  of  labour  and  the  tendency  of  the  men  to 
take  pay-day  holidays  and  week-end  jaunts.  It  was  hoped 
that  these  units  would  tend  to  balance  output  and  stabilize 
costs  by  furnishing  a  tonnage  that  would  in  some  small  degree 
offset  the  otherwise  high  idle  day  cost. 

The  conditions  under  which  we  were  operating  when  the 
machines  were  installed  were  as  follows: 

The  mine  was  operated  by  the  ordinary  room  and  pillar 
method  from  a  slope  driven  along  the  dip.  The  grade  of  the 
main  slope  was  fifteen  per  cent.  -  The  rooms  were  twenty-five 
feet  wide  and  driven  at  fifty  feet  centres  slightly  to  the  rise 
to  give  a  grade  of  one  and  one  half-per  cent  in  favour  of  the  load. 
The  cars  used  were  3  ft.  wide,  2  ft.  5  in.  high  (from  top  to  rail), 
and  6  ft.  long,  and  they  held  1.7  tons  of  ore.  The  track  gauge 
was  twenty-four  inches.  The  main  slope  was  double  tracked 
and  each  side  was  operated  by  a  separate  haulage  engire. 
The  ore  was  hoisted  in  trips  of  seven  cars  each  on  the  main  slope. 
On  the  main  levels  head  and  tail  haulage  systems  were  installed 
and  cars  were  spotted  at  working  places  from  engine  gravity 
plains  in  back  deeps  augumented  by  horse  or  hand  tramming. 
In  practically  all  cases  it  was  necessary  to  tram,  by  horse 
or  hand,  upwards  of  one  hundred  feet  from  the  power  haulage 
to  the  working  places. 

After  investigating  several  makes  of  machines,  all  of 
which  were  more  or  less  suitable  for  our  conditions,  it  was 
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decided  to  instal  two  Myers- Whaley  No.  4  Shovellers.  This 
machine  is  of  the  continuous  stream  type,  and  consists  essen- 
tially of  an  automatic  shovel  mounted  on  the  forward  end  of 
a  jib  carrying  a  reinforced  conveyor  belt,  upon  which  the  shovel 
discharges  its  load.  The  unit  has  an  overall  length  of  twenty- 
six  feet,  a  height  of  six  feet,  and  weighs  about  nine  tons.  It 
is  made  up  of  three  parts :  the  main  truck,  the  front  conveyor 
or  jib,  and  the  rear  conveyor.  On  the  front  end  of  the  jib 
is  carried  the  shovel;  and  the  rear  end  is  pivoted  on  the  main 
truck  to  permit  the  whole  jib  and  shovel  to  be  swung  through 
an  arc  of  forty-five  degrees  on  either  side  of  the  track.  The 
rear  conveyor,  which  receives  the  material  from  the  jib  conveyor 
is  also  pivoted  and  swings  twenty  degrees  on  either  side  of 
the  centre  line.  The  machines  are  actuated  by  twenty  horse 
power  motors,  and  from  the  operating  platform  attached  to 
the  jib  the  operator  can  control  all  movement.  The  shovelling 
mechanism  is  probably  the  most  striking  feature  of  the  unit. 
It  is  made  up  of  two  parts,  dipper  or  shovel,  and  a  transfer  box. 
The  dipper  is  moved  and  supported  in  front  by  a  crank  shaft 
rotating  continuously  in  one  direction,  the  rear  end  being 
supported  on  a  cross  shaft  carried  on  rollers  running  in  cam 
grooves.  This  controls  the  motion  of  the  dipper  and  makes 
it  almost  identical  to  the  motion  of  the  ordinary  hand  shovel. 
The  front  part  of  the  shovel  or  dipper  discharges  its  load  into 
the  transfer  box,  also  carried  on  rollers  in  cam  grooves,  which 
tips  the  box  each  stroke  and  empties  its  load  on  the  jib  con- 
veyor. The  dipper  crank  makes  about  twelve  revolutions  per 
minute.  The  power  consumption  of  the  machine  when  loading 
at  capacity  is  about  .25  Kilowatt  hour  per  ton  of  material 
handled. 

Without  making  any  change  in  truck  gauge,  size  or  type 
of  car,  or  in  the  general  system  of  tramming,  it  was  found  that 
the  loading  machine  would  load  out  from  120  to  140  cars  per 
shift  of  ten  hours.  With  the  cars  holding  1.7  tons  as  an  average 
load,  this  gave  an  output  of  from  204  to  238  tons  of  material 
per  machine  per  shift.  These  machines,  operating  under 
conditions  not  specially  designed  for  them,  have  loaded  ore 
at  a  labour  cost  of  thirty  per  cent  of  hand  loading  cost.  This 
loading  cost  includes  the  labour  of  five  men,  but  the  wages  of 
only  one  should  be  charged  directly  to  shovel  operation.    How- 
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ever,  our  costs  are  computed  on  a  five  man  basis  and  include 
charges  for  the  operator,  two  trammers,  and  two  tracksmen. 
The  average  tonnage  per  hand  loader  under  similar  conditions 
is  sixteen  tons  per  shift,  so  that  from  one  room,  a  mechanical 
shovel  loads  out  a  tonnage  equal  to  eight  pairs  of  hand  loaders. 
The  number  of  trammers  and  trackm^en  required  in  both  cases 
is  the  same.  The  maintenance  and  intaiest  charges  on  the 
loading  machine  increase  the  cost  from  thirty  per  cent  to  sixty 
per  cent  of  the  hand  loading  cost.  There  is,  therefore,  a  direct 
saving  of  forty  per  cent  in  the  cost  of  loading  by  doing  the  work 
mechanically.  The  loading  performance  of  the  shovels  oper- 
ated under  conditions  existing  in  the  mines  at  Wabana  does 
not  approach  the  maximum  that  could  be  obtained  by  adjusting 
underground  conditions  to  supply  ore  and  cars  to  the  shovels 
at  its  normal  loading  rate.  The  actual  time  of  loading  a  car 
rarely  exceeds  one  and  one  half  minutes,  and  I  have  seen  cars 
loaded  in  forty-five  seconds.  It  might  appear  too  much  to 
expect  to  maintain  a  loading  speed  of  one  car  per  minute  for 
an  entire  shift,  as  this  would  mean  moving  about  one  thousand 
tons  of  material,  but  the  actual  performance  is  so  far  below 
what  might  be  considered  as  the  limit  of  the  machine  that  we 
are  seriously  considering  revising  our  mining  and  handling 
methods  to  give  the  loaders  every  possible  advantage.  At 
present  the  machine  is  limited  by  the  tonnage  of  ore  broken 
per  room.  The  average  room  with  a  section  of  ten  feet  of  ore 
is  broken  to  a  depth  of  ten  feet  and  approximately  250  tons  of 
ore  shot  down.  This  could  readily  be  increased  but  other 
limiting  conditions  would  immediately  become  operative,  the 
most  serious  of  which  would  be  the  tramming  limit  that,  under 
the  present  backward  and  forward  movement  of  cars,  appears 
to  be  about  fifteen  cars  per  hour. 

Our  work  with  these  machines  has  been  and  still  is  in  the 
nature  of  tests  or  experiments  to  determine  their  possibilities. 
The  work  has  indicated  that,  by  the  general  introduction  of 
loading  machines  where  large  tonnages  are  handled,  there  are 
possibilities  of  effecting  economies  in  cost  and  labour  approach- 
ing in  magnitude  those  effected  by  the  application  of  the  well- 
known  steam  shovel  to  loading  work  on  the  surface.  These 
economies  can  only  reach  their  maximum  by  the  intelligent 
recognition  by  mining  men  of  the  contributory  factors  to  that 
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end.  There  must  be  a  realization  that  a  unit  such  as  a  mecha- 
nical loader,  capable  of  doing  the  work  of  fifteen  to  twenty 
men,  calls  for  suitable  mechanical  auxiliaries  to  enable  it  to 
perform  its  maximum  work.  To  expect  a  mechanical  loader 
to  operate  efficiently  under  conditions  of  breaking  and  tramming 
primarily  intended  for  hand  loaders  would  be  as  reasonable 
as  to  look  for  efificiency  from  a  surface  steam  shovel  where 
the  material  is  supplied  from  shooting  hand-drill  holes  and 
removed  in  wheelbarrows. 

The  direct  saving  that  may  be  effected  by  the  general 
introduction  of  mechanical  loaders  is  only  a  fraction  of  the 
greater  economy  that  would  follow  their  use.    From  our  ex- 
perience at  Wabana  it  is  found  that  an  output  can  be  obtained 
from  one  working  place  equal  to  the  tonnage  recovered  from 
eight  places  loaded  out  by  hand  shovellers .    Under  hand  loading 
conditions,  for  an  output  of  two  thousand  tons  per  day  we  find 
it  necessary  to  employ  about  sixty  pairs  of  loaders.    This 
calls  for  the  maintenance  of  about  eighty  working  places,  or  a 
total  working  face  of  two  thousand  feet.    On  the  other  hand, 
we  estimate  that  the  machines  would  give  the  same  output 
from  ten  working  places  and  would  only  require  the  main- 
tenance of  thirty  places,  or  seven  hundred  and  fifty  feet  of 
face.    As  there  would  be  only  ten  rooms  working  each  day, 
the  reduction  in  the  general  force,  including  face  cleaners, 
blasters,  foremen,  trackmen,  trammers,  etc.,  would  mean  a 
considerable  saving  in  costs.    The  diminished  working  area 
would  result  in  a  decided  reduction  in  development  and  main- 
tenance charges.    The  concentration  of  work  would  render 
supervision  easier,  and  would  increase  the  general  efficiency. 
By  the  reduction  of  force  the  heavy  charges  for  housing  can 
be  greatly  reduced,  and  the  coal  now  supplied  to  workmen 
who  would  be  replaced  by  the  machines  would  be  available 
for  sale.    With  fewer  men  employed  underground  for  a  given 
output,  the  protection  for  the  worker  from  accident  is  simplified. 
The  output  from  a  mine,  when  loading  is  done  mechanically, 
should  be  more  constant  and  regular  than  from  a  mine  where 
hand  loading  is  followed. 

If  my  analysis  of  the  situation  is  correct,  it  is  evident  that 
the  mechanical  loader  will  revolutionise  mining  costs.  The 
above  statements  are  based  on  our  Wabana  experience,  but 
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they  apply  with  equal  force  to  coal  mining  and  to  all  under- 
ground work  where  material  must  be  moved  from  the  mine 
floor  into  cars.  We  are  convinced  moreover,  that  up  to  the 
present  we  have  not  got  the  best  possible  results  from  our 
machines.  By  taking  full  advantage  of  the  maximum  loading 
capacity  of  these  machines,  by  laying  out  the  mine  workings 
suitably,  and  by  providing  a  sufficient  number  of  cars,  a  much 
greater  output  per  machine  can  be  obtained  than  the  250  tons 
per  day  that  we  have  secured.  With  a  constant  stream  of 
cars  supplied  in  one  direction  it  would  not  be  too  much  to  ex- 
pect an  output  of  1,600  cubic  feet  of  loose  material  per  hour, 
which  would  be  equivalent  to  ninety-four  tons  of  ore,  or  about 
fort}^  tons  of  coal,  from  each  machine. 

To  apply  these  machines  successfully  to  the  problems  of 
loading,  miners  must  first  of  all  realize  that  conditions  favour- 
able to  their  use  must  be  created  underground .  As  practically 
all  failures,  with  carefully  selected  machines,  have  been  due 
to  an  insufficient  supply  of  cars  to  keep  the  ma  chines  constantly 
at  work,  it  is  apparent  that  there  is  a  decided  lack  of  interest, 
or  lack  of  appreciation  of  the  nature  of  the  loader,  on  the  part 
of  mine  superintendents.  When  small  delays  for  cars  occur 
where  loading  is  done  by  hand,  the  workmen  can  be  employed 
usefully  at  some  other  work,  and  the  rest  or  spell  during  the 
delay  does  not  in  all  cases  mean  a  decreased  tonnage  for  the 
day's  work.  With  a  machine  that  cannot  be  employed  at 
other  work,  or  does  not  suffer  fatigue,  any  delay  is  a  dead  loss. 
This  essential  difference  must  be  constantly  remembered,  and 
one  of  the  first  conditions  of  successful  operation  with  machines 
is  a  continuous  and  adequate  supply  of  mine  cars.  The  other 
consideration  is  a  supply  of  broken  material  for  loading. 

None  of  the  present  systems  of  mining  in  our  collieries 
would  permit  the  efficient  use  of  loading  machines  similar  to 
the  Wabana  units.  To  operate  successfully,  these  machines 
must  have  not  less  than  300  tons  of  coal  available  for  loading 
each  shift.  The  tramming  system  must  be  such  as  will  permit 
the  handling  of  a  sufficient  number  of  cars,  to  and  from  the 
machine,  to  move  this  tonnage.  The  room  and  pillar  system, 
or  any  of  its  local  modifications,  does  not  yield  at  any  working 
place  the  coal  required  to  keep  a  loading  machine  employed 
more  than  a  few  hours.    The  longwall  system  can  supply  the 
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coal,  but  in  only  very  special  cases  can  conditions  of  roof  be 
found  to  permit  passage  of  cars  along  the  working  face.  The 
space  required  by  the  shovel  is  4  ft.  8  in.,  and  for  car  tracks 
about  4  feet  additional,  making  a  total  distance  between  the 
supports  and  the  face  of  8  ft.  8  in.  If  this  distance  is  found 
excessive,  supports  could  be  placed  between  the  shovel  track 
and  car  track.  This  would  cut  down  the  free  roof  to  about 
five  feet,  a  distance  that  it  does  not  seem  unreasonable  to 
suppose  could  be  maintained  in  practically  all  collieries. 

If  thought  is  devoted  to  devising  a  method  of  breaking 
coal  in  sufficient  quantity  and  supplying  cars  for  its  removal, 
I  am  convinced  that  a  mechanical  loader  can  be  operated 
successfully  in  a  large  number  of  our  collieries. 

The  possibilities  it  affords  of  reducing  mining  costs  are 
so  great  that  we  cannot  afford  to  declare  against  the  use  of 
the  machine  until  it  has  been  tested  under  the  most  favourable 
conditions.  Such  favourable  conditions  are  not  those  at  pre- 
sent obtaining  in  our  mines,  but  must  be  created.  Until  full 
working  tests  have  been  carried  out  under  the  best  conditions 
we  can  make  no  claim  to  have  exhausted  the  possibilities  of 
improved  equipment,  and  if  we  neglect  to  make  such  tests  we 
ignore  what  I  believe  is  an  opportunity  that  presents  itself 
of  overcoming  the  handicap  now  opposed  on  the  industry  by 
reason  of  the  high  wages  demanded  by  miners. 


CENTRAL  POWER  STATION  FOR 
COLLIERY  OPERATIONS 

By  K.  H.  Marsh. 

(Annual  Meeting,  Mining  Society  of  Nova  Scotia,  Halifax,  April  1911) 

The  utility,  economy,  and  reliability  of  electric  power  for 
colliery  work  is  fully  recognized  by  the  coal  operators  of  Nova 
Scotia.  Several  recent  additions  to  colliery  generating-equip- 
ment  in  the  Province  indicate  that  electric  power  is  giving 
splendid  satisfaction.  Since  cheap  power  is  a  vital  element  in 
mining  costs,  there  is  at  present  considerable  interest  shown  in 
the  problem  of  producing  it  in  larger  quantities  for  more  general 
colliery  purposes ;  and  it  is  the  purpose  of  this  paper  to  discuss 
briefly  the  limiting  features  of  individual  colliery  steam-plants, 
and  to  point  out  some  advantages  of  steam-electric  central 
power-stations  for  colliery  operations. 

Briefly  stated,  the  profitable  operation  of  a  central  power- 
station  depends  on, first,  a  fairly  continuous  demand  for  consider- 
able power;  second,  cheap  fuel;  and  third,  an  abundance  of  cool 
condensing-water.  The  very  fact  that  10%  of  the  coal  mined 
in  this  Province  is  used  for  colliery  power  purposes  constitutes, 
it  would  seem,  a  demand  for  cheap  power.  That  Nova  Scotia 
coal  has  very  recently  competed  with  success  in  the  principal 
markets  of  the  world  is  certainly  good  evidence  that  cheap  fuel 
may  be  obtained  here.  The  problem  of  securing  ample  supplies 
of  cool  condensing-water  is  not  difficult  to  solve,  because  the  low 
mean  atmospheric  temperature  in  Cape  Breton  renders  efficient 
the  use  of  spray  cooling-ponds  in  locations  where  sea  water  is 
not  closely  adjacent  to  coal  areas. 

In  viewing  the  power  situation  broadly,  it  is  necessary  to 
bear  in  mind  the  fact  that  many  of  our  largest  and  best  mines 
are  steeply  inclined  or  in  submarine  areas,  and  are  operated  at 
continually  increasing  depths,  so  that  the  power  requirements 
per  ton  of  output  are  considerably  in  excess  of  those  of  our  chief 
competitors  in  the  United  States,  who  are  working  comparatively 
flat  seams  at  moderate  depths.  It  is  true  that  power  demands 
and  power  costs  may  be  temporarily  diminished  by  the  opera- 
tion of  more  outcrop  mines  and  by  the  more  rigid  practice  of 
power  economies  with  existing  equipment;  but,  on  the  whole, 
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this  matter  of  cheap  power  is  a  serious  problem  which  must  be 
squarely  faced. 

Many  old  steam  operated  collieries  have  installed  low-pres- 
sure or  mixed-pressure  turbo- generator  units  to  supply  the  in- 
creasing demand  for  electric  current,  and  these  plants,  when 
well  designed,  are  satisfactory  in  operation  and  furnish  cheap 
power.  Such  plants,  however,  lack  the  operating  economy 
and  extreme  flexibility  required  in  supplying  power  to  a  whole 
mining  district. 

As  a  rule,  low-pressure  steam-turbines  use  a  considerable 
quantity  of  high-pressure  steam  through  a  reducing  valve, 
especially  when  operated  in  conjunction  with  engines  having 
intermittent  duty. 

Mixed-pressure  turbo-generator  units  installed  in  connec- 
tion with  old  colliery  steam-plants  are  very  satisfactory,  and 
furnished  limited  quantities  of  electric  power  for  a  moderate 
investment.  Such  units  materially  assist  the  over-all  plant 
economy  and  serve  to  lengthen  the  economic  life  of  old  prime 
movers  that  are  mechanically  sound,  but  extravagant  in  steam 
consumption. 

In  a  permanent  colliery  district,  where  the  individual 
colliery  steam  power-plants  have  inadequate  capacity,  high 
fuel  consumption,  and  excessive  maintenance  costs,  the  central 
electric  power-station  offers  attractive  possibilities.  Such  a 
plant  may  usually  be  placed  advantageously  near  the  centre  of 
distribution  as  well  as  closely  adjacent  to  fuel  supply;  and  fur- 
thermore, it  can  be  located  much  more  favourably  with  respect 
to  adequate  water-supply  than  can  the  average  individual 
colliery  steam-plant.  The  cheaper  grades  of  coal,  not  readily 
saleable,  may  be  used  to  great  advantage  in  a  power  plant 
designed  for  their  use,  and  the  central  station,  w'th  suitable 
mechanical  stokers,  offers  exceptional  economies  in  this  respect. 
In  some  cases  the  station  may  be  located  so  normally  as  to  use 
coal  from  a  seam  operated  exclusively  for  power-plant  use. 
Ash  disposal  is  always  an  expensive  item  in  small  boiler  plants, 
but  in  a  larger  station  may  be  reduced  to  a  minimum  by  suit- 
able mechanical  appliances,  or  perhaps  by  employing  hydraulic 
methods  for  flushing  the  ash  into  waste  areas.  Where  railway 
cars  are  employed  to  transport  the  ash,  it  is  desirable  to  arrange 
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standard  gauge  tracks  beneath  the  boilers,  so  that  ashes  grav- 
itate into  steel  dump-cars. 

Boiler  troubles,  due  to  impure  feed-water,  may  be  reduced 
to  a  minimum  in  central  stations  by  the  use  of  water-purifying 
equipment,  which  would  not  justify  its  existence  in  smaller 
plants.  By  the  use  of  surface  condensers,  the  amount  of  make- 
up water  to  be  purified  would  be  small  and  the  purifying  equip- 
ment, therefore,  inexpensive.  The  use  of  condensate  for  boiler- 
feed- water  is  especially  desirable,  and  several  recent  records 
show  boilers  operating  continuously  at  over  200  per  cent  rating 
for  periods  of  six  months. 

In  designing  a  central-station  it  is  most  important  to  fore- 
see, if  possible,  the  probable  future  power  requirements,  so 
that  provisions  may  be  made  to  meet  them  with  a  mini- 
mum of  capital  expense  and  with  a  beneficial  effect  on  overall 
plant  performance.  With  a  number  of  electrically-operated 
collieries  under  one  management,  it  is  usually  possible  to  arrange 
for  fairly  constant  power  demands  throughout  the  24  hours, 
especially  where  heavy  pumping  can  be  accomplished  on  the 
afternoon  and  night  shift.  The  type  of  central  station  that 
has  met  with  favour  consists  of  alternating-current  generators 
direct-connected  to  high-pressure  steam  turbines.  Steam 
would  be  furnished  at,  say  250  pounds  gauge-pressure  and  175 
degrees  superheat,  by  mechanically-stoked  water-tube  boilers. 
Surface  condensers  are  employed,  and  the  condensate  is  return- 
ed to  the  boilers. 

With  the  present  price  of  fuel  and  with  the  present  high 
cost  of  station  equipment  the  use  of  economizers  and  induced- 
draft  apparatus  does  not  seem  advisable  in  stations  of  less  than 
20,000  K.W.  capacity.  In  fact,  for  small  stations  advanta- 
geously situated  as  regards  cheap  fuel  and  good  boiler-feed  water, 
the  simplicity  and  low  cost  of  jet  condensers  may  easily  offset 
the  advantages  of  the  more  expensive  and  more  efficient  sur- 
face-condensing equipment. 

The  capital  expenditure  to  be  expected  in  constructing 
a  modern  central  steam-electric  station  in  this  Province  is 
extremely  high,  due  not  only  to  existing  high  prices,  but  also 
to  the  fact  that  much  of  the  equipment  must  be  imported. 
A  small  modern  station  of,  say,  5,000  K.  W.  capacity  will  pro- 
bably cost,  complete  with  property,  track  connections,  build- 
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ings,  steam  and  electric  equipment,  including  necessary  spares, 
complete  and  ready  for  operation,  in  the  neighborhood  of  $300 
per  K.W.  of  rated  capacity.  This  unit  cost  would  decrease 
slighty  for  larger  stations. 

If  the  current  generated  in  the  above  station  is  to  be  de- 
livered to  collieries  at  some  distance, then  the  additional  capital 
expense  for  a  transmission  system  may  amount  to  between 
$30  and  $100  per  K.W.,  so  that  for  purposes  of  discussion,  it 
can  be  said  that  approximately  $350  per  K.W.,  would  represent 
the  capital  expense  involved  in  supplying  electric  current  to 
colliery  motors. 

Assuming  the  annual  station-output  to  average  60%  of  its 
rated  capacity,  then  the  total  cost  of  current  generated,  includ- 
ing labour,  supplies,  repairs,  and  coal  at  $4  per  ton  delivered, 
would  be  about  1  cent  per  K.W.,hour.  If,now,  we  add  to  these 
operating  costs  the  fixed  charges  of  about  25%  on  the  invest- 
ment (including  interest,  depreciation,  insurance,  taxes,  and 
administration),  then  the  total  cost  per  K.W.  hour  of  the  sta- 
tion output  will  be  about  2  cents.  This  figure  of  2  cents  per 
K.W.  hour  is  based  on  load  factor  of  60%  that  would  possibly 
obtain  in  normal  times;  but  in  times  of  industrial  depression, 
when  the  plant  was  delivering  a  small  quantity  of  current,  the 
operating  expenses  would  certainly  increase  per  unit  of  output, 
while  the  fixed  charges  would  remain  constant;  so  that,  for  esti- 
mating earning  capacity,  it  would  seem  more  nearly  correct  to 
assume  23^  cents  per  K.W.  hour  as  the  average  cost  of  power 
at  the  power  house,  or  about  234  cents  per  electrical  horse- 
power delivered  to  the  collieries  through  transformers,  trans- 
mission lines,  and  a  distributing  system.  This  estimated  unit 
cost  is  high  in  comparison  with  the  prevailing  rate  at  which 
hydro-electric  power  is  sold.  The  two  cases  are,  however,  in  no 
way  analogous,  for  hydro-power  is  generated  in  large  quantities 
whereas  the  stations  under  consideration  are  relatively  small. 
To  compare  the  cost  of  hydro-power  with  steam-electric  power 
on  an  equitable  basis,  reference  may  be  made  to  the  case  of  the 
Buffalo  Electric  Company's  steam  electric  plant,  successfully 
competing,  in  spite  of  a  long  coal  haul,  with  a  nearby  hydro 
station  of  the  first  magnitude.  Evidently,  then,  the  larger 
stations  can  produce  power  much  more  cheaply  than  the  small- 
er ones  under  consideration,   and  it  becomes  necessary    to 
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use  extreme  caution  in  determining  the  advisability  of  burden- 
ing mining  operations  with  additional  capital  outlay,  even 
though  some  investment  will  result  in  reduced  unit  power  costs. 

In  a  power  plant,  the  fixed  charges  have  as  much  bearing 
on  the  ultimate  power  cost  as  has  the  operating  expense. 
Fixed  charges  are  constsnt,  irrespective  of  the  load  factor,  and, 
in  general,  high  load  factors  justify  considerable  investment  to 
secure  the  greatest  possible  economy.  On  the  other  hand, 
when  the  load  factor  is  low,  the  fixed  charges  are  the  governing 
element  in  the  total  power  costs,  so  that  to  produce  cheap  power 
in  such  a  case  the  investment  must  be  limited ;  especially  when 
fuel  is  cheap.  Therefore,  with  the  present  high  construction 
costs,  colliery  operators  cannot  usually  expect  inefficient  but 
serviceable  steam  equipment  to  be  replaced  by  new,  expensive, 
and  more  economical,  electrical  equipment  until  such  time  as 
the  steam  equipment  becomes  inadequate  or  inoperative. 

However,  in  most  of  our  colliery  districts  there  is  a  con- 
stant demand  for  more  power  equipment,  either  for  replace- 
ment purposes  or  for  increased  production — and  unfortunately 
this  condition  has  too  often  been  met  by  increasing  the  colliery 
boiler  plant,  installing  additional  compressors,  and  delivering 
power  through  long,  leaky  air-lines  of  inadequate  size.  Even 
though  this  method  permits  practically  full-load  power  plant 
conditions  throughout  the  24  hours,  yet  the  extremely  high 
fuel  consumption  and  labour  charge  more  than  offset  the  effect 
of  high  load  factor.  This  condition  of  affairs  emphasises 
most  clearly  the  great  advantage  of  having  central-station 
electric  power  and  distributing  circuits  available,  so  that  addi- 
tional colliery  power  may  be  supplied  as  required,  and  obsolete 
colliery  equipment  gradually  replaced,  when  necessary,  with 
the  more  desirable  and  economical  motor-drive.  Under  pre- 
sent market  conditions  this  method  of  gradually  installing 
motor-drive,  and  gradually  increasing  the  capacity  of  a  central- 
station,  appears  to  offer  a  means  of  obtaining  cheaper  power 
with  a  minimum  of  capital  expense.  Such  a  program  requires 
most  careful  planning  in  order  that  the  growing  central  plant 
will  operate  at  all  times  with  reasonable  economy,  and  at  the 
same  time  lend  itself  to  substantial  extensions,  or,  if  necessary, 
form  an  integral  part  of  the  extensive  system  of  interconnected 
stations. 
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It  is  the  ease  and  facility  with  which  power  may  be  de- 
livered to  any  desired  point  of  consumption  that  recommends 
a  central  electric  station  for  mining  operations,  quite  as  much 
as  the  low  cost  of  current  consumed.  Interconnected  stations 
permit  practically  full  load  conditions  on  all  units  in  operation, 
and,  furthermore,  stand-by  units  in  one  station  can  serve  the 
whole  system,  thus  insuring  a  minimum  of  idle  investment. 
Where  steel  plants  are  located  within  a  reasonable  distance  of  a 
colliery  district,  the  desirability  of  interconnected  power  sys- 
tems, is,  of  course,  apparent.  That  coal  operators  might 
advantageously  sell  power,  rather  than  coal,  to  municipalities, 
public  serv'ce  corporations,  and  manufacturing  concerns  is,  of 
course,  debatable,  but  this  matter  is  receiving  serious  considera- 
tion in  connection  with  proposed  super-power  stations  both  in 
Europe  and  the  United  States. 

In  this  Province,  however,  the  power  requirements  for 
mining  operations  outweigh  those  of  all  others,  and  the 
increased  economies  effected  by  the  more  general  use  of 
electric  power  indicate  that  capital  will  earn  most  excellent 
returns  on  the  investment  in  central  power-stations  for  colliery 
operations. 


NOTES   ON    THE   WORK   OF   THE    INDUSTRIAL 

RELATIONS  DEPARTMENT  OF  THE  DOMINION 

COAL  CO.  LTD.  AND  THE  DOMINION  IRON  & 

STEEL  COMPANY,  LTD. 

By  a.  W.  Macdonald 

(Annual  Meeting,  Mining  Society  of  Nova  Scotia,  April,  1921.) 

This  Department  was  established  in  July,  1920,  and 
includes  three  divisions,  dealing  with,  respectively:  'employ- 
ment,' 'employees  service,'  and  'safety  and  first-aid'. 

Some  attention  in  the  past  had  been  focussed  upon 
individual  phases  of  the  work,  such  as  emplo\Tnent,  welfare 
work,  accident  prevention,  and  the  reduction  of  labour  'turn- 
over'. Work  in  these  several  directions  had  been  conducted 
without  co-ordination,  although  as  a  matter  of  fact  each  is  an 
integral  and  related  part  of  the  single  problem  having  to  do 
with  industrial  relationships.  High  labour  'turnover',  for 
example,  is  one  of  the  principal  causes  of  a  high  accident  rate, 
and  poor  housing  conditions  are  largely  the  cause  of  labour 
'turnover';  and  the  time  has  now  arrived  when  it  is  desirable 
to  consider  them  as  a  whole  in  order  to  bring  them  into  the 
right  relation  to  each  other. 

The  inevitable  tendency  of  the  day  is  toward  'industrial 
betterment,'  'safety,'  'industrial  education,'  'efficiency'  and  the 
many  other  aims  of  progressive  employers  of  labour.  There 
is  no  longer  any  question  that  these  aims  are  desirable  on 
both  humane  and  economic  grounds.  The  solution  of  the 
housing  and  sanitation  problem  in  mining  communities,  keep- 
ing in  view  both  economic  and  humanitarian  aspects,  demands 
the  best  thought  of  the  management,  for  upon  it  depends  the 
health  and  comfort  of  the  employee  and  his  family,  and  as  a 
consequence  his  contentment  and  efficiency. 

In  this  paper  the  work  of  the  divisions  of  the  Department 
of  Industrial  Relations  of  the  Dominion  Coal  and  Dominion 
Iron  and  Steel  Companies  is  briefly  outlined.  Incidentally  it 
may  be  stated  that  in  normal  times  the  two  companies  in 
Cape  Breton  employ  12,000  men. 
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Employment  Division:  —  The  duties  of  the  Employment 
Division  consist,  in  part,  of  the  development  of  the  sources 
of  labour  supply,  in  interviewing,  selecting,  and  placing  work- 
men; in  the  supervision  of  'exits',  'quits,'  'lay-offs'  and  discharg- 
ed men;  and  in  arranging  for  the  transportation  of  workmen 
and  their  families  from  outside  points.  In  addition,  the  records 
of  all  employees  are  kept,  and  information  on  absenteeism 
and  statistics  on  labour  turnover  are  compiled. 

An  applicant  for  employment  to  the  Dominion  Iron  & 
Steel  Company,  or  to  the  Dominion  Coal  Company,  must  first 
present  himself  at  the  Employment  Department,  and  if  his 
services  can  be  utilized,  his  name,  age,  address,  nationality, 
trade,  education,  and  other  particulars  are  recorded.  His  fitness 
for  the  work  to  which  he  is  to  be  assigned  having  been  deter- 
mined, the  new  employee  is  given  an  employment  certificate, 
which  he  carries  to  the  foreman.  The  foreman  puts  the  man 
to  work,  signs  the  employment  card,  and  sends  it  to  the 
department  superintendent,  who  approves  it  and  returns  it 
to  the  Employment  Division  for  their  records. 

For  some  years  past  the  employment  of  workmen  for  the 
steel  plant  at  Sydney  has  been  handled  through  a  central 
employment  office.  Requisitions  for  workmen  were  made  to 
the  Employment  Office  by  the  Departmental  heads,  and  men 
whose  services  were  dispensed  with  by  the  departments  were 
sent  to  the  Employment  Office  where  their  time  cards  were 
initialed  before  they  presented  them  at  the  pay  office.  This 
reference  to  the  Employment  Office  was  for  the  purpose  of 
ascertaining  why  the  men  were  leaving  the  service  and  with 
the  object  of  placing  them  in  some  other  department  before 
they  drew  their  pay,  providing  of  course,  they  were  not  dis- 
charged for  cause.  In  the  event  of  a  man  whose  services  were 
not  required  in  one  department  being  needed  in  another  depart- 
ment, the  time  order  was  cancelled  and  a  transfer  card  issued 
in  its  stead.  By  following  this  method  it  was  found  that 
men  who  were  unsuitable  in  one  part  of  the  plant  very  often 
proved  efficient  in  some  other  department,  and  instances  are 
on  record  where  men  have  been  transferred  as  many  as  six 
times  before  finally  settling  down  and  becoming  permanent 
employees  of  the  Company.    This  system  is  simply  that  of 
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finding  the  right  job  for  the  man  or  the  right  man  for  the  job, 
and  so  far  as  possible,  is  at  present  followed  also  at  the  coal 
mines. 

Emplo>Tnent  Offices  have  now  been  established  in  the 
three  districts  in  which  the  mining  operations  are  carried  on, 
namely  at  Glace  Bay,  New  Aberdeen,  and  New  Waterford. 
Prior  to  the  establishing  of  these  offices,  men  seeking  work 
went  from  one  mine  to  another,  and  there  are  instances  of 
men  having  spent  a  week  in  travelling  between  the  different 
mines  looking  for  work.  Under  the  present  arrangement,  it 
is  only  necessary  for  them  to  go  to  one  of  the  employment 
offices  to  obtain  information  on  the  labour  requirements  at 
any  of  the  mines,  as  all  the  offices  work  in  close  co-operation. 

In  the  shifting  of  men  from  one  mine  or  from  one  depart- 
ment to  another  a  transfer  system  is  employed;  by  which  the 
manager  of  the  mine  where  the  man  is  presently  employed 
and  the  manager  of  the  mine  to  which  the  man  wishes  to  go 
are  required  to  sign  the  transfer  card  before  the  man  can 
change  his  employment,  and  in  consequence  the  matter  of 
keeping  employees'  records  is  greatly  simplified. 

Employees  Service  Division:  —  The  Employees  Service 
Division  is  charged  with  looking  after  all  new  arrivals.  Men 
coming  from  abroad  are  met  at  the  port  of  landing  by  an  officer 
of  this  division  and  conducted  to  the  point  where  they  are 
to  work.  This  officer  is  an  experienced  miner  and,  if  necessary, 
goes  into  the  mine  with  new  men  for  a  few  days  until  they  have 
become  accustomed  to  the  work  and  other  conditions.  In 
Nova  Scotia  it  is  necessary  for  a  miner  to  have  a  certificate 
of  competency  before  he  will  be  allowed  to  mine  coal,  and 
the  fieldman,  who  meets  the  new  arrival,  directs  him  where 
to  apply  for  and  be  examined  for  a  certificate.  The  housing 
of  the  workmen  is  also  a  part  of  the  duties  of  the  Employees 
Service  Division;  and  supervision  in  respect  of  sanitation  is 
an  important  part  of  the  work  that  is  receiving  particular 
attention. 

The  plans  of  the  Department  include  the  laying  out  of 
two  or  possibly  three  new  townsites  at  new  mines,  for  which 
purpose  the  advice  has  been  sought  of  the  Town  Planning 
Advisor  of  the  Federal  Government  at  Ottawa.     It  is  further 
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proposed  to  initiate  a  movement  for  the  establishment  of 
garden  plots  and  to  encourage  and  assist  workmen  to  make 
the  best  possible  use  of  the  plots  of  ground  surrounding  the 
Colliery  houses. 

The  encouragement  of  all  forms  of  athletics  is  a  part  of 
the  policy  of  the  companies.  For  games,  such  as  baseball, 
football,  and  cricket,  grounds  are  provided  and  aid  given  for 
their  upkeep,  and  the  chief  executive  officers  of  the  company 
donate  trophies  of  different  kinds  for  competition.  Hockey  is 
the  winter  sport  and  open  air  rinks  are  provided  by  the 
Company.  In  nearly  all  the  Colliery  towns  there  are  musical 
organizations  and  good  bands.  To  these  every  encouragement 
is  given.  Horse  racing  is  a  popular  sport  in  the  mining  towns, 
and  land  is  leased  by  the  Company  to  the  officers  of  the  Racing 
Association  for  a  nominal  sum,  and  the  Association  is  also 
financially  assisted  in  the  building  and  maintaining  of  the 
tracks.  It  is  proposed  this  season  to  provide  play  grounds 
for  the  children,  and  in  the  new  townsites  provision  will  be 
made  for  parks. 

A  feature  worthy  of  note  in  this  division  is  our  officials' 
club  at  Glace  Bay.  Fortnightly  meetings  of  all  officials  of  the 
Coal  Company  are  held.  These  meetings  take  the  form  of 
social  gatherings  at  which  matters  of  interest  to  the  officials 
in  connection  with  their  work  are  discussed.  A  musical 
programme  is  provided  and,  in  brief,  much  good  has  been 
accomplished  by  these  gatherings. 

Safety  and  First-Aid  Division:  —  The  chief  and  primary 
work  of  the  Safety  Division  is  accident  prevention,  and  in 
this  connection  the  relations  of  the  department  with  the 
different  managers  and  foremen  are  most  intimate. 

It  is  generally  estimated  by  Safety  Engineers  that, from 
50%  to  75%  of  all  accidents  are  preventable.  It  is,  therefore, 
highly  important  both  for  the  Company  and  for  all  employees 
that  safety  work  be  carried  on  vigorously.  The  most  obvious 
function  of  the  Safety  Division  is  to  see  that  all  practical 
mechanical  guards  and  safety  devices  are  installed  and  main- 
tained by  the  managers  and  foremen  in  the  different  depart- 
ments. But  as  only  a  small  percentage  of  accidents  are  caused 
by  defective  machinery  or  the  absence  of  safety  guards,  the 
big  factor  in  safety  work  is  safety  education.    The  Safety 
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Department  tries  to  stimulate  enthusiasm  for  safety  by  posting 
safety  bulletins  throughout  the  plants  and  by  organizing 
departmental  safety  committees.  This  branch  of  the  work, 
at  both  the  Steel  and  Coal  departments,  is  in  charge  of  the 
Safety  Engineer,  who  has  a  Safety  Inspector  in  each  depart- 
ment. Both  companies  are  members  of  the  National  Safety 
Council  whose  literature  is  prominently  displayed  on  bulletin 
boards  in  every  department  of  both  plants.  The  safe-guarding 
of  the  moving  parts  of  all  machinery  is  in  charge  of  the  Safety 
Inspectors  who  report  to  the  Superintendents,  Managers,  and 
to  the  Safety  Engineer  their  recommendations  as  to  what  safety 
appliances  should  be  installed.  Safety  work  underground  is 
covered  by  the  Special  Coal  Mining  Rules  of  the  Company, 
which,  being  approved  by  the  Governor-in-Council,  are  of 
the  same  force  and  effect  as  the  Coal  Mines  Regulation  Act 
of  the  Province,  under  which  all  the  mines  are  operated.  The 
Safety  Inspectors  underground  report  to  the  Chief  Mining 
Inspector  of  the  Company;  they  are  not  officials  of  the  Depart- 
ment of  Industrial  Relations,  but  all  co-operate  for  the  general 
aim. 

First  Aid  classes  have  been  established  at  each  Colliery, 
and  at  present  about  500  men  are  taking  the  course  prescribed 
by  the  St.  John  Ambulance  Association.  The  classes  are 
composed  of  the  local  mining  officials  and  workmen  and  are 
well  attended.  The  course  consists  of  six  lectures,  which  are 
given  by  the  Colliery  doctors.  On  the  completion  of  the 
course  examinations  are  held,  and  the  successful  candidates 
receive  the  certificates  of  the  St.  John  Ambulance  Association. 

The  poHcy  of  both  Coal  and  Steel  Companies  on  safety 
is  very  definite  and  positive,  and  every  man,  especially  every 
manager  and  foreman,  is  expected  to  do  his  utmost  towards 
preventing  accidents  and  making  the  plants  safe  places  in 
which  to  work. 

The  Safety  Division  has  charge  of  all  fire-fighting 
apparatus,  and  is  responsible  for  fire  hose  and  chemical 
extinguishers  being  ready  for  instant  use.  Supervision  of  fire 
prevention  also  involves  constant  study  of  fire  hazards,  and 
the  adoption  of  all  practical  measures  for  the  elimination  of 
such  hazards.  The  fire  brigades  at  the  collieries  are  under  the 
supervision  of  the  Safety  Engineer.     In  them  about  one  hundred 
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and  seventy-five  men  are  enrolled.  The  fire  brigade  at  each 
mine  consists  of  twelve  men,  under  the  chief  engineer  of  the 
mine  who  acts  as  chief.  A  monthly  allowance  is  made  by  the 
Company  to  each  fire  brigade. 

At  the  steel  plant  at  Sydney,  the  Company  has  provided 
a  modern  fire-proof  emergency  hospital  which  is  situated 
immediately  outside  the  main  entrance  to  the  works.  The 
hospital  is  supplied  with  every  convenience  and  appliance  for 
the  care  of  injuries.  The  equipment  of  the  hospital  is  such 
that  as  many  as  six  patients  can  be  retained  and  cared  for 
continuously  for  weeks,  if  necessary.  The  conditions  in 
respect  of  light,  ventilation,  and  sanitation  are  of  the  best, 
and  competent  surgeons  and  skilled  nurses  are  constantly 
available,  so  that  cases  of  injury  can  receive  immediate  and 
careful  attention.  In  addition  to  the  emergency  hospital  at 
the  plant,  the  Company  has  arrangements  with  the  City 
Hospital  whereby  the  Company's  employees  and  their  families 
shall  receive  special  attention  there  when  needed.  In  the 
mining  districts,  the  Coal  Company  does  not  provide  hospitals, 
but  employees  pay  a  monthly  fee  of  about  $1.20  for  which 
they  and  their  families  receive  hospital  treatment  when 
requiring  it.  The  Company  makes  a  donation  to  the  hospitas 
in  the  mining  districts,  and  supplies  fuel  to  these  institutionls 
at  a  reduced  rate.  The  Coal  Company  also  contributes  a 
substantial  sum  monthly  to  the  Coal  Workers  Benefit  Asso- 
ciation, which  pays  a  weekly  allowance  of  $9  to  members  who 
are  ill  and  unable  to  work.  This  Association,  whose  funds  are 
provided  by  contributions  from  the  workmen,  the  Coal  Com- 
pany, and  the  Provincial  Government,  is  distinct  from  the 
Workmen's  Compensation  Board,  which  pays  for  accidents 
only. 
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